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BETA-CAP73 CONTROL OF NORMAL AND ABNORMAL CELL MIGRATION 

Related Applications 

This application claims priority to U.S. Provisional ^|*P^^^^^^ 60/170,182, 

^ 5 filed on December 10, 1999, and U.S. Utility Application No^ f ^ filed on 

December 8, 2000 (Attorney Docket No. TUI-OOl), the contents of each are incorporated 
herein in their entirety by this reference. 

Government Support 

1 0 This invention was made with government support under GM55 1 1 0 awarded by the 

National Institutes of Health. The government has certain rights in the invention. 

Background of the Invention 

£3 Many eukaryotic cells necessarily possess the ability to move within their 

15 environment in response to certain stimuli (e.g. endothelial cells in response to injury, 
i^l macrophages during immune response). This property of motility is facilitated by 

hi coordinated and dynamic modifications to the structure of the cytoskeleton, resulting in net 

is movement. A major cytoskeletal component of motile eukaryotic cells are actin complexes, 

whose filamentous structure throughout the cell is complex and highly variable. Numerous 
\ ^ 20 isoforms of eukaryotic actin have been identified, many of which are found distributed to 

specific areas of the cell and its cytoskeleton. The ability to disassemble and reassemble 
% actin polymers in a controlled and orderly feshion is central to proper cellular motility. 

C3 Polymerized actin exists in equilibrium with the monomeric form. The equilibrium constant 

for the polymerization and depolymerization reactions of actin can be ahered by the 
25 presence of actin-binding proteins (ABPs). These proteins play an important role in a cell's 

ability to control cytoskeletal rearrangements, and hence, promote effective cell motility. 

Many vital functions are served through the ability of some cells to migrate, including 

response and repair or tissue damage. 

30 Summary of the Invention 

The present invention is based, at least in part, on the discovery of a novel P-actin 
specific binding protein and its family members, referred to herein as "beta-cap73" or 
"BETA-CAP73" or "Pcap73" or "pCAP73" or "BCAP73" or "bcap73" nucleic acid and 
protein molecules. The bcap73 molecules of the present invention are usefiil as modulating 
35 agents to regulate a variety of cellular processes, including but not limited to cell motility, 
directed migration, subcellular distribution of p-actin, response to injury, and changes in 
cellular morphology. Accordingly, in one aspect, this invention provides isolated nucleic 
acid molecules encoding bcap73 proteins or biologically active portions thereof, as well as 



Attorney Docket No.: TUI-OOICP 



-2- 



10 



15 



bcap73-encoding nucleic aads^ ^^^^^ .^^^^^.^^ 40%, 

In one embodiment, a bcap73 nucleic acid m o5o/„ 98% or more 

«..,S0.,S5%,60«/.,«%,70.,7S..S0%^ 

showninSEQlDNU.i or J or a complement thereof . 

aeposued wi.h ATCC ^ incudes U,e 

,„ a preferred ' , ,„„p,e™en, drereof. In another 

nucleotide sequence shown SEQ ID NO. o , „„ele„,ides 392-4597 of 

e„.bodu„en,, .he nucleic acid molecule meludes SEQ ^ „f 

SHQIONO: 1. >" -"-^^^^^^^^^ 

nucleotide sequence shown m SEQ ID NO^ „„el=otides (..g., 191 1 

nucleic acid molecule includes a fragment of at least 1911 ^ „„plemcnt 

contiguous nucleotides) of the nucleotide sequence of SEQ ID NO. 

'"''°^nanothercmhodiment,ahcap73nueleicacidmo,ec.den^^^^ 
.q„e„ceencodi„gap— .an — 

:r;=:::;rwi.Tccas— 

embodiment, a bcap73 nucleic acid — ^to^^^^ «%. 70%, 

protein having an amino acid sequence at least 40/.. 45 /., , 

75%, 80%. 83%, S5%, 90%. 95%, 98% - ° 1, DNA insert of 

acid sequence of SEQ ID NO. 2 or the ammo ac,d sequence 

the plasmid deposited with ATCC as -^^^^^^^^^ encodes the. 

inanotherpreferrcd embodiment, an tsolatednudetc^^^^^^^ ,„„another 

amino acid sequence of bovine or human or -^^^^^^^^'^^^^ , J,„,. encoding a 
p^eferrcd embodiment, the nucleic -^^ ^^^ ^^^ Z, »ino a^id sequence 
protein having the amino actd sequence of SEQ '"J . dumber 

described herein). „e ,,i,rlHc acid molecules, preferably 

Another embodiment of the inventton featu« "-^^^^^l^ic acid molecules 
bcap73 nucleic acid molecules, which ^^^^'-'^l^^'"^^^ ™* _p„. one 
„lative to nucleic acid molecules -^-l"* =f ^ ^J" -2000. 2000-2250, 2250- 

;;r:X7t27r.3to:~ 
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4250-4500, 4500-4736 or more nucleotides in length and hybridizes under stringent 
conditions to a nucleic acid molecule comprising the nucleotide sequence shown in SEQ ID 
NO- 1 the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number , or a complement thereof. The lengths of nucleic acid molecules 

of this invention can be within a range using any one of the aforementioned numbers as the 
upper or lower limit of the range. For example, the nucleic acid molecules can be of a length 
between at least 191 1 and 3000 nucleotides in length. 

In preferred embodiments, the nucleic acid molecules are at least 15 (e.g., 
contiguous) nucleotides in length and hybridize under stringent conditions to nucleotides 1- 
357 2268-3135 4227-4736, of SEQ ID NO: 1. In other preferred embodiments, the nucleic 
acid molecules comprise nucleotides 1-357, 2268-3135, 4227-47326, of SEQ ID NO: 1. In 
other preferred embodiments, the nucleic acid molecules consist of nucleotides 1-357, 2268- 

3135, 4227-4736, of SEQ ID NO: 1 . 

In other preferred embodiments, the nucleic acid molecule encodes a naturally 
occurring allelic variant of a polypeptide comprising the amino acid sequence of SEQ ID 
NO: 2 or an amino acid sequence encoded by the DNA insert of the plasmid deposited with 

ATCC as Accession Number , wherein the nucleic acid molecule hybridizes to a 

nucleic acid molecule comprising SEQ ID NO: 1 or 3 under stringent conditions. 

Another embodiment of the invention provides an isolated nucleic acid molecule 
which is antisense to a bcap73 nucleic acid molecule, e.g., the coding strand of a bcap73 

nucleic acid molecule. 

Another aspect of the invention provides a vector comprising a bcap73 nucleic acid 
molecule. In certain embodiments, the vector is a recombinant expression vector. In 
another embodiment, the invention provides a host cell containing a vector of the invention. 
In yet another embodiment, the invention provides a host cell containing a nucleic acid 
molecule of the invention. The invention also provides a method for producing a protein, 
preferably a bcap73 protein, by culturing in a suitable medium, a host cell, e.g., a 
mammalian host cell such as a human or a non-human mammalian cell, of the invention 
containing a recombinant expression vector, such that the protein is produced. 

Another aspect of this invention features isolated or recombinant bcap73 proteins 
and polypeptides. In one embodiment, the isolated protein, preferably a bcap73 protein, 
includes at least one ankyrin repeat domain. In another embodiment, the isolated protein, 
preferably a bcap73 protein, includes an actin binding domain. In another embodiment, the 
isolated protein, preferably a bcap73 protein, includes an ezrin binding domain. In yet 
another embodiment, the isolated protein, preferably a bcap73 protein, includes at least one 
ankyrin repeat domain and an actin binding domain. In a preferred embodiment, the protein, 
preferably a bcap73 protein, includes at least one ankyrin repeat domain and has an amino 
acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65o/o, 70%, 75o/o, 80%, 85%, 90%, 
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,5% 98% or more identical to ,he amino acid sequence of SEQ ID NO: 2. or *e ammo acd 
'tlee coded b, *e DNA insert of .he plasmid deposited with ATCC as Aceess.on 

. in another preferred embodiment, the protein, preferably a^bcap75 pro^' 
" ;;;;^in ending domain and has an amino acid sequence at leas, abou 40%. 45 A 

60%. 65%. 70%. 75%. 80%, 83%, 85%. 90"^ 95%. 98% or -e — ^ 
amino acid sequence of SEQ ID NO: 2, or the amino acd sequence ^"^'^^y ^'^ 

o mo e rintiea to the amino acid sequence of SEQ ID NO: 2, or the ammo ac,d sequence 
ITdX the DNA insert of the plasmid deposited with ATCC as Access.on Number 

,n another preferred emtodiment, the protein, preferably a bcap73 protein, includes 

^ . . 1 • 4. ofrnrtiirp and cell 
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a, least one ankyrin binding domain and plays a role in cytoskeleml structure and cell 
m X ° . tl^e regulation of actnr Action and/or acin intracellular dismbufon. In yet 
It pref .ed embodiment, the protein. p«ferably a beap73 protein, includes an actm 
Idt domain and plays a role in cell motility. .... the regulation of actm funchon and/or 
L intracellular distribution of aCin. In a further preferred embodrment the protem 
*e erably a bcap73 protein, includes at leas, one ankyrin binding domam and one actm 
w ltdomain and plays a role in cell motility, .g.. the regulation of acUn ^^nct-on and/or 
Z intLllular distribution of actin. In yet another preferred embodrment. the protem. 
!^flbly a bcap73 protein, includes at least one ankyrin binding domam and ,s encoded by 
a acd molecule having a nucleotide sequence which hybridizes under stnngen. 

h^riLtion conditions to a nucleic acid molecule -Ptising — t^^^ of 
SEO ID NO- 1 or 3. in a ftrrther embodiment, the protein, preferably a bcap73 protem, 
Wudes an actin bindhrg domain and is encoded by a nucleic acid molecule havmg a 
nucleotide sequence which hybridizes under stringent hybridizafon condmons to a nucle.c 
acid molecule eomprisingthe nucleotide sequenceof SEQ IDNO: 1 or 3. 1"-*" 
mbodiment, Ure protein, preferably a bcap73 protein, includes a. leas, one ankynn b ndn^ 
d^ml^ and t lelt one an actin binding domain and is encoded by a nuele.c rnCecu^ 
:::ganucleotide sequence whichhybrtdizesunderstringenth^^^^^^^^^^ 
nucleic acid molecule comprising the nucleottde sequence of SEQ ID NO. 1 or 3. 

In another embodiment, the invention feat^es fragments of the protem having the 
amino acid sequence of SEQ ID NO: 2. wherein the figment -n^pris- atleast 5 ammo 
acids (e g.. contiguous amino acids) of the amino acid sequence of SEQ ID NO. 2. or an 

add sequence encoded by the DNA insert of the plasmid deposited w,.h the ATCC as 
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Accession Number - In another embodiment, the protein, preferably a bcap73 protein, 

has the amino acid sequence of SEQ ID NO: 2. 

In another embodiment, the invention features an isolated protem, preferably a 
bcap73 protein, which is encoded by a nucleic acid molecule consisting of a nucleotide 
sequence at least about 40%, A5%, SQo/o, 60%, 65%, 70%, 15%, SO^/o, 83o/o, 85o/„, 
90% 95% 98% or more identical to a nucleotide sequence of SEQ ID NO: 1 or 3, or a 
complement thereof. This invention further features an isolated protein, preferably a bcap73 
protein, which is encoded by a nucleic acid molecule consisting of a nucleotide sequence 
which hybridizes under stringent hybridization conditions to a nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO: 1 or 3, or a complement thereof. 

The proteins of the present invention or portions thereof, e.g., biologically active 
portions thereof, can be operatively linked to a non-bcap73 polypeptide (e.g., heterologous 
amino acid sequences) to form fusion proteins. The invention further features antibodies, 
such as monoclonal or polyclonal antibodies, that specifically bind proteins of the invention, 
s preferably bcap73 proteins. In addition, the bcap73 proteins or biologically active portions 
thereof can be incorporated into pharmaceutical compositions, which optionally include 
pharmaceutically acceptable carriers. 

In another aspect, the present invention provides a method for detecting the presence 
of a bcap73 nucleic acid molecule, protein or polypeptide in a biological sample by 
0 contacting the biological sample with an agent capable of detecting a bcap73 nucleic acid 
molecule, protein or polypeptide such that the presence of a bcap73 nucleic acid molecule, 
protein or polypeptide is detected in the biological sample. 

In another aspect, the present invention provides a method for detecting the presence 
of bcap73 activity in a biological sample by contacting the biological sample with an agent 
^5 capable of detecting an indicator of bcap73 activity such that the presence of bcap73 activity 
is detected in the biological sample. 

In another aspect, the invention provides a method for modulating bcap73 activity 
comprising contacting a cell capable of expressing bcap73 with an agent that modulates 
bcap73 activity such that bcap73 activity in the cell is modulated. In one embodiment, the 
30 agent inhibits bcap73 activity. In another embodiment, the agent stimulates bcap73 activity. 
In one embodiment, the agent is an antibody that specifically binds to a bcap73 protem. In 
another embodiment, the agent modulates expression of bcap73 by modulating transcnption 
of a bcap73 gene or translation of a bcap73 mRNA. In yet another embodiment, the agent is 
a nucleic acid molecule having a nucleotide sequence that is antisense to the coding strand 

35 of a bcap73 mRNA or a bcap73 gene. 

In one embodiment, the methods of the present invention are used to treat a subject 
having a disorder characterized by aberrant or unwanted bcap73 protein or nucleic acid 
expression or activity by administering an agent which is a bcap73 modulator to the subject. 
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in one embodiment, the bcap73 modulator is a bcap73 protein. In another embodiment the 
bcap73 modulator is a bcap73 nucleic acid molecule. In yet another embodiment the 
bcap73 modulator is a peptide, peptidomimetic, or other small molecule. In a preferred 
embodiment, the disorder characterized by aberrant or unwanted bcap73 protem or nucleic 
acid expression is a disorder associated with deregulated cell motility or with aberran 
intracellular distribution of actin isoforms (e.g. P-actin); or with inability to adequately 
respond to tissue damage; or with tumor-induced angiogenesis; or with cardiovascular 

disorders or conditions. 

The present invention also provides diagnostic assays for identifying the presence or 
absence of a genetic alteration characterized by at least one of (i) aberrant modificatK,n or 
mutation of a gene encoding a bcap73 protein; (ii) mis-regulation of the gene; and M 
abeirant post-translational modification of a bcap73 protein, wherem a wild-type form of the 
gene encodes a protein with a bcap73 activity. 

In another aspect the invention provides methods for identifying a compound that 
binds to or modulates the activity of a bcap73 protein, by providing an indicator 
composition comprising a bcap73 protein having bcap73 activity, contacting the indicator 
composition with a test compound, and determining the effect of the test compound on 
bcap73 activity in the indicator composition to identify a compound that modulates the 
activity of abcap73 protein. 

other features and advantages of the invention will be apparent from the following 
detailed description and claims. 
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Brief Description of the Drawings 

Figure 1: A photograph of indirect immunofluorescence showing localization of 
bcap73 in cells that are moving into a wound (top). Also visible are contact-inhibited cells 
behind the wound edge which show no cortical enrichment of bcap73. Nuclear staining is 
background signal generated by the labelled tertiary antibody. 

Figure 2: Results of two-step purification of bcap73 from bovine retinal pericytes or 
bovine platelets using ion-exchange chromatography. A Triton X-100 lysate (A) is enriched 
for bcap73 with SP-sepharose (B) followed by DEAE-sepharose (C). An decrease m 
contaminating proteins can be seen in the silver stained SDS-P AGE, as well as a 
concomitant enrichment of bcap73 which is shown in the immunoblot. 

Figure 3: (A) A northern blot shows the 4.7kb mRNA of bcap73 m endothelial 
cells (B) A schematic representation of the cDNA of bovine bcap73 which shows the 
portion of the cDNA that was originally identified from a bovine endothelial ceU library 
and the region that was reconstructed using 5'RACE (rapid amplification of cDNA ends). 
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representation of pCAF /i proiein uuma amino acid 

lyrin-like repeats were identified by sequence domam search wh le 100 ammo 
„.he,ical domain was identified though secondary structure predtcfon. The ep.to,^ 
InLining region was determined by immunoblotting of U>e OST-fus,on cor.«.ct 
containing region .i,. nfiP7^ F and 6CAP73-N constructs 

indicated in A, where proteins generated fi-om the PCAP73 F and pcAr 
"ere immunoreactive with the anti-pCAP73mAb while I5CAP73-C was not. 

Tgures 4.1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, and 4-8= The cDNA se,uence of bcap73 is 
shown. w«h the 5' and 3' untranslated regions. The entire nucleotide sequence is SEQ ID 
NO- 1 The nucleotide sequence which corresponds to the open reading ftame (ORF) spans 
llot^^sitions 392 1 4597 and is SEQ ID NO: 3. The deduced amino acid sequence 
which is coded in the ORT is shown as well and is SEQ ID NO; 2. 

F^ure 5: A northern bio. analysis on bcap73 mRNA expression in various ussues. 
Transcript is detected predominantly in skeletal muscle, brain and heart 

Figure 6= Immunofluorescence photography showing the formation of novel 
membrane protrusions in bovine retinal pericytes which overexpress h-«*-;^8gcd 
recrlinaT. bcap73. These rounded protrusions are predominantly located on the ventra^^ 
r gTl the ceU. Recombinant bcap73 is found within these membrane <^—s^^ 

ft side shows filamentous actin visualized with rhodamine-conjugated pha^loidm. Tbe 
nl stde shows localization of recombinant bcap73 using INDIA probe (a horseradish 
;txtse ljugated nickel reagent) which identified the histidine tag, followed by rabbit 
anti-HRP and fluorescein-conjugated anti-rabbit antibodies. . , ^ „, 

figure 7= immunofluorescence photography showing the formation of abermn. 
eeuularproiectionsinbovineretinalpericytes^^^^^^^^^^^ 
i domains fiised to OFF (green fluorescent protein). ^ C >" 

and CAP-N-OFP (bcap73 bases 2430-3503) were transiently transfected into bovine letinal 

pericytes, causing these cells to project arborized -^^'2"^*^^ expression 
untransfected cells do not exhibit these protrusions, but remain flat. CAf N ur p 
U m olp (A), CAP-C-GFP expression is sho», beiow (B). Left and right sides are 

in endothelial cells which are responding to injury. Endothelial cells that are mechanically 
iniured migrate into wound spaces in order to repair and re-populate the area. These 
Iw ing ells show a large decrease in bcap73 mRNA as an early response to the injury at 
33 Tao -d 90 minutes a^er injury. Here, this is compared to contact-inhibited, stationary 

'^"^ ^"^I'lTik 9-3, and 9-4= A sequence ahgnment of bcap73 cDNA against the 
C. famlliam C3VS gene (GenBank Accession No. X991 45). 
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. TT, H 10 V A sequence alignment of bcap73 cDNA against 
Figures 10-1, 10-2, and 10-3. A sequenc g ^jqr (Accession Nos. 

Tentative Human Consensus (THC) Contiguous e,^^^^^^^ f-m 
THC244788,THC186491, THC186491, THC213238). 

5 DetailedDescriHtio^^ nn the discovery of novel actin 

S;^;^-^^^ least m part, -^'"^^'^^^^ir or "Pcap73" or 

Hn.ng protein (ABP) family members, re.rred to He^n . b. ca^^^^^^ P J^^^^^^ 

-.bcap73" nucleic acid and protem .^^^ „ "^^^^^ and/or 

.otiUty, differentiation, and survival of a -"^y «f ce" -^^^^^^^^ ^^^^^^^^^^^ 

,0 neuroectodermal and/or ectodermal and/or -^odenn" ^^^^^^ ^^^^^^ 

the immune system , cells of the nervous "^^^^ ..Us involved with 
vascular endothelial cells, vascular smooth muscle endothehal cells, 

repair of tissue injury. ^^^^ ^^^.^.^ ,,g,l,tory 

The bcap73 molecules o^^^P^^^^^^^^^^^ ^^^^ ,,,, ,,,,Hy, changes in 

,5 proteins that function to modulate mtracellular i^olecules of the 

p^esen. ^nvenUon ™ay P^^ "I^s which ..u>a.e 1) — aCin 
"ussue repar m=chan,sms ™,„*eletal smicture, 4) cell moulity and 

distribution, 2) actm acuvtty. 3) changes m cytosK 

^igtation « celiula. response ^^'^-^^^Z'^T^ZZ^^^ ntuscle cells, 
aH,l.y„fs„n,ecens,(.... — ^^^^^^^^^ 

fibroblasts, and keratmocytes) to move respo „f 

of actm (Figures 6 and 7) . Thus, tne p .^^3 modulate tissue repair 

30 mechanisms (Figures 1 and 8)^ ^^^3P^ their fimctional 

distribution and cellular motility can lead to ^"-"^ ^'"^^^'Z;^, ,,„in, a 
lead to cellular disorders (or exacerbate exrsUng ^^'^'^^^^^^^^ 
3, ..cellular disorder" includes a disorder, <'-7- — ^^^^^^^ ,imuli (e.g. 

insufficient cellular ability to move or mtgrate P'^'^'" ^J^^ ^.^^j,„,.„„ ^ 
tissue damage), or inability to properly regulate acti 

xtic agents 

cell. Thus, the bcap73 molecules may act as novel diagnostic targets 
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for controlling cellular disorders related to motility, including cartcer (..g. 
angiogenesis and metast^is). Additionally. bcap73 n,olecules may act as novel therapeutrc 
agLs for ameliorating certain cellular disorders and conditions through *etr aWttyto 
n^igrate and to regulate tissue ,nju^ response. As used herem. the terms cellular d sorders 
and "conditions" include cardiovascular disorders and epidemtal wounds. As used heretn, 
the tem, "cardiovascular disorder" includes a disease, disorder, or state mvolvmg he 
cardiovascular system, e ... the heart, the blood vessels, and/or the blood. A car— ar 
disorder can be caused by an imbalance In arterial pressure, a malftmchon of the heart, or an 
occlusion of a blood vessel, e.g.. by a thrombus. Examples of such disorders mclude 
congenital heart defects (.g.. atrioventricular canal defects), hypertens.on. atherosclerosts, 
coronary artery spasm, coronary artery disease, valvular disease, ischemta reperfus.on 
injury restenosis, arterial inflammation, vascular wall remodeling, ventricular remodeling, 
rapid ientricular pacing, coronary microembolism, tachycardia, bradycardia, pressure 
overload, aortic bending, coronary artery ligation, vascular heart disease. long-QT 
syndrome, congestive heart failure, sinus node dysfunction, atrial flutter, myocardial 
iLction. coronary artery spasm, arrhythmias, and cardiomyopathies. As used heretn. the 
term "epidermal wounds" includes wounds suffered by bum victims, wounds suffered 
through surgical procedures, and wounds that are normally ameliorated through the acUons 

of keratinocytes. . . ... 

Bcap73.associated or related disonlers also include disorders of tissues m whtch 
bcap73 is expressed, e.g.. cardiac tissue, vascular system, skeletal muscle, -issues of the 
nervous system. Bcap73-ass„ciated or related disorders can furthermore mclu e dtsorde. of 
tissues which can be affected or impacted by tissue in which bcap73 ts normally expressed. 

The bcap73 molecules of the present invention were identified from an mjuty 
response-activated bovine endothelial cDNA library. Vascular endothelial cells and 
"ratinocytes contain the ability to respond to .njury. Accordingly, the bcap73 molecules 
may also act as novel diagnostic targets and therapeutic agents for controlUng or enhartcmg 
injury repair in a variety of disorders, diseases, or conditions. For example, the bcap73 
molecules may provide novel diagnostic targets and therapeutic agents for controllmg or 
0 enhancing the response elicited though various forms of vascular tissue mjury, e.g.. 
atherosclerosis, mechanical damage from balloon angioplasty, and tumor-tnduced 

The term "family" when referring to the protein and nucleic acd molecules of the 
invention is intended to mean two or more proteins or nucleic acid molecules havmg a 
,5 common structural domain or motif and having sufficiem amino acid or nucleotrde sequence 
homology as defined herein. Such family members can be naturally or nort-naturally 
occurring and can be from either the same or different species. For example, a famtly can 
contain a first protein of human origin, as well as other, distinct proteins of human ongtn or 
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olo.ues of non-human origin, e.g., bovine and monkey 
alternatively, can -"^-"/^^^^^J^^^^ common functional characteristics, 
proteins. Members of a family may also ha ^^^^^^^^ members 

For example, sequence .^yrin repeat domain. As used 

indicates that these proteins are hkely o m^u^ ^^.^ ^^^^^^^^ protem 

3 .erein, the term "ankyrin repeat ^o-- sequence for an 

.ructure that hasone or more occ^^^^^^^^^ 

ankyrin repeat domain which comprises 

a x-x-x- [VI] - [VAl -x-x-L-L-x-x-G-A-x- 
G.,_T- [PA] -L-H-X-A-A-X-X-G-X 
,0 x-N-X-x-[TD] (SEQ ID NO: 4) 

The signature patterns or ^^"^^^^ ^'^^^^^^^^^ lording to their 

aecordingtothefollowingdesignation^^^^^^^^ 

universal single letter ^e-^-tion ^ d^^^^^^ ^^^^ „ either V 

indicates any one of the amino acids ^^^.^^ ,,,^,3 has such a signature 

(valine) or 1 (isoleucine) in ^^at "d posi.^^ ,,8, 121 to 151, 184 to 214, 217 to 247, 
pattern at about amino acid residues 55 to 85, 

a„d250to280ofSEQIDNO:2. 3. proteins are likely to comprise at 

By further example, the family of b^ap7 P^^^^^^ ^^^^ ,,,,, 

least one, and preferablytwo, three fou^,^^^^^^^^ 

domains. As used herein, the te- an^V- ,f about 20-40 

involved in protein.protein ,,,^ent of the sequence to the ankyrm 

amino acid residues and having a ^-^^^Z model analysis; HMM). Preferably an 
repeat domain of at least 1 (using ^f'^Z^S-^O more preferably about 25-35 amino 
alyrinrepeatdomainincludesatleas bou23^4^^ 

acid residues, or most preferably ^^^^^^'-^^^^^^ ^hMM) of at least 3, 5, 10, 20, 30, 
aligmnentofthesequencetotheankynn-^^^^^^^^ 

40, 50, or greater. The ankynn are described in, for example, 

AccessionPF00023(ww.pfam.wi.^d .^^^^^^^^ 

Otto E. et al. (1991) J. Biol. CHem. 1 4^4 2^3 ^^^^^^^^ 
89-2489-2493, and Blank V.P. et al. (1992) Trena 

are incorporated herein by reference. ^^^^.^ .^^^^^^3 ,t least about 

in another preferred embodiment, an -^^^J ,,,,, 5O-6OO/0 

20-80, or more preferably about 20-30 ^^^J^^^^. 70-80o/o, or about 80-90o/o 
33 homology,.eferablyabout60-W«^^ 
homology with an ankynn repeat domain 
SEQ ID NO: 2). 
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,„ ,h. ,h., i™- . „ .4, ~ 

length of the actin filament at the actin filament end 

,n another prefened embodiment, an ^'^'^'^''^^T^"^ O MO amino acid 
20-800, or more preferably about 20-450, or most ^'^^^^^^ more preferably 

SEQIDNO:2). .t 60% homology, preferably about 

^ecord,n,y,.Kap«pro^n— 

60-70%, more preferably about 70-80 abou bcap73 
0 domain of bovine bcap73 f'"/""'""; 70-/. mote preferably abou, 

protein, having at least 50-60./. homology. ^'^'^'^''^ ^^^l^^'^ZJc "-P" ^ 
70-80'/«, or about 80-90% homology with an actm btndmg domatn 

also within the scope of the invention. f.„Wv bcan73 proteins, have an amino 

isolated proteins of the present inventton. preferably "^-P" ' 
„ acid s^iuence sufficiently identical to the an,ino actd -^-^ ^^^^^.^j^"' ,.,ein, 
encoded by a nucleotide sequence sufficietnly — /^".^ „Meh 
dte ten. "sufficiently idenUca," refers to a fits, atntno J ^.^ 

contains a sufficient or minimum number of tdenttcal or ^^^^^^'^ „ 
which has a similar side chain) amino acid restdues or — -'■^^ » ^ 
30 nucleotide sequence such that the firs, and second ^ ^ example, 

_ structural domains or mo.ifs and/or a common ~1 -^^^^^^ j^.^^^ 
amino acid or nucleotide sequences which share ^''-'""'^J";^^';ZUo%, »d even more 
40%, or 50% homology, preferably 60% homology, "'^^^Z ^^n,^^^ at 
preferably 90-95% homology across the ™mo acd ^^^^^^J^^.^ ^ 
3, Last one and preferably two struc»ral — t^^:: ,e.. SO"/., 40%, or 

Identical. Furthermore, amino ^'^^Z ^m oT^^^y^ homology and share a common 
50% preferably 60%, more preferably 70-80 A, or 
functional acuviiy are defined herein as sufficien.ly identtcal. 
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As used interchangeably herein, a "bcap73 activity", "biological activity of bcap73" 
or "functional activity of bcap73", refers to an activity exerted by a bcap73 protein 
polypeptide or nucleic acid molecule on a bcap73 responsive cell or tissue, or on a bcap73 
protein substrate, as determined v/vo, or in vitro, according to standard techniques, n one 
embodiment, a bcap73 activity is a direct activity, such as an association with a bcap73- 
target molecule. As used herein, a "target molecule" or "binding partner" is a molecule with 
which a bcap73 protein binds or interacts in nature, such that bcap73 -mediated function is 
achieved. A bcap73 target molecule can be a non-bcap73 molecule or a bcap73 protem or 
polypeptide of the present invention. In an exemplary embodiment, a bcap73 target 
molecule is a bcap73 substrate, e.g., a p-actin or an ezrin molecule. Alternatively, a bcap73 
activity is an indirect activity, such as a subcellular actin distribution or regulation of acUn 
function or cell motility or response to tissue injury, mediated by interaction of the bcap73 
protein with a bcap73 substrate, e.g., a p-actin or an ezrin molecule. Preferably, a bcap73 
activity is the ability to act as an actin-binding factor and to modulate functions such as 
subcellular actin distribution, changes in cytoskeletal structure, cell motility, and response to 

Accordingly, another embodiment of the invention features isolated bcap73 proteins 
and polypeptides having a bcap73 activity. Preferred proteins are bcap73 proteins having at 
least one ankyrin repeat domain, and, preferably, a bcap73 activity. Other preferred proteins 
are bcap73 proteins having an actin binding domain and, preferably, a bcap73 activity. Yet 
other preferred proteins are bcap73 proteins having at least one ankyrin repeat domain and 
an actin binding domain and, preferably, a bcap73 activity. Additional preferred proteins 
have at least one ankyrin repeat domain and/or actin binding domain, and are, preferably, 
encoded by a nucleic acid molecule having a nucleotide sequence which hybridizes under 
stringent hybridization conditions to a nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID NO: 1 or 3. 

The nucleotide sequence of the isolated bovine bcap73 cDNA and the predicted 
amino acid sequence of the bovine bcap73 polypeptide are SEQ ID NO : 1 and 2 respectively 
and are shown in Figure 4. A plasmid containing the nucleotide sequence encoding monkey 
) bcap73 was deposited with the American Type Culture Collection (ATCC), 10801 

University Boulevard, Manassas, VA 201 10-2209, on and assigned Accession 

Number This deposit will be maintained under the terms of the Budapest Treaty on 

the International Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure. This deposit was made merely as a convenience for those of skill m the art and 
5 is not an admission that a deposit is required under 35 U.S.C. §112. 

The bovine bcap73 gene, which is approximately 4736 nucleotides m length, 
encodes a protein of approximately 1401 amino acid residues in length, which has a 
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predicted molecular ^ght of approximately 154 kDa, and an observed molecular weight of 

approximately 73 kDa. 

Various aspects of the invention are described in further detail in the foUowmg 

subsections: 

5 

I Isolated Nucleic Acid Molecules 

One aspect ofthe invention pertains to isolated nucleic acid molecules that encode 
bcap73 proteins or biologically active portions thereof, as well as nucleic acid fragments 
sufficient for use as hybridization probes to identify bcap73-encoding nucleic acid 
,0 molecules (e.g., bcap73 mRNA) and fragments for use as PGR primers for the amplification 
or mutation of bcap73 nucleic acid molecules. As used herein, the term "nucleic acid 
molecule" is intended to include DNA molecules (e.g., cDNA or genomic DNA) and RNA 
molecules (e.g., mRNA) and analogs ofthe DNA or RNA generated using nucleotide 
analogs. The nucleic acid molecule can be single-stranded or double-stranded, but 
15 preferably is double-Stranded DNA. 

The term "isolated nucleic acid molecule" includes nucleic acid molecules which are 
separated from other nucleic acid molecules which are present in the natural source of the 
nucleic acid. For example, with regard to genomic DNA, the tenn "isolated" includes 
nucleic acid molecules which are separated from the chromosome with which the genomic 
20 DNA is naturally associated. Preferably, an "isolated" nucleic acid is free of sequences 
which naturally flank the nucleic acid (/..., sequences located at the 5' and 3' ends ofthe 
nucleic acid) in the genomic DNA ofthe organism from which the nucleic acid is derived. 
For example, in various embodiments, the isolated bcap73 nucleic acid molecule can 
contain less than about 5 kb, 4kb, 3kb, 2kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide sequences 
25 which naturally flank the nucleic acid molecule in genomic DNA ofthe cell from which the 
nucleic acid is derived. Moreover, an "isolated" nucleic acid molecule, such as a cDNA 
molecule, can be substantially free of other cellular material, or culture medium when 
produced by recombinant techniques, or substantially free of chemical precursors or other 
chemicals when chemically synthesized. 
30 A nucleic acid molecule ofthe present invention, e.g., a nucleic acid molecule 

having the nucleotide sequence of SEQ ID NO: 1 or 3, or the nucleotide sequence ofthe 

DNA insert ofthe plasmid deposited with ATCC as Accession Number , or a portion 

thereof, can be isolated using standard molecular biology techniques and the sequence 
information provided herein. Using all or portion ofthe nucleic acid sequence of SEQ ID 
35 NO- 1 or 3 or the nucleotide sequence ofthe DNA insert ofthe plasmid deposited with 

ATCC as Accession Number , as a hybridization probe, bcap73 nucleic acid 

molecules can be isolated using standard hybridization and cloning techniques (e.g., as 
described in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory 
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Manual 2nd, ed.. Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, 

Cold Spring Harbor, NY, 1989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID NO: 1 
or 3, or the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number can be isolated by the polymerase chain reaction (PGR) using 

synthetic oligonucleotide primers designed based upon the sequence of SEQ ID NO: 1 or 3, 
or the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number . 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
according to standard PCR amplification techniques. The nucleic acid so amphfied can be 
cloned into an appropriate vector and characterized by DNA sequence analysis. 
Furthermore, oligonucleotides corresponding to bcap73 nucleotide sequences can be 
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises the nucleotide sequence shown in SEQ ID NO: 1 . The sequence of SEQ ID NO: 
1 corresponds to the bovine bcap73 cDNA. This cDNA comprises sequences encoding the 
bovine bcap73 protein {i.e., "the coding region", from nucleotides 392-4597), the 5' 
untranslated sequences (nucleotides 1-391), as well as 3' untranslated sequences 
(nucleotides 4598-4736). Alternatively, the nucleic acid molecule can comprise only the 
coding region of SEQ ID NO: 1 {e.g., nucleotides 392-4597, corresponding to SEQ ID NO: 
3). 

In another preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises a nucleic acid molecule which is a complement of the nucleotide sequence shown 
in SEQ ID NO: 1 or 3, or the nucleotide sequence of the DNA insert of the plasmid 

deposited with ATCC as Accession Number , or a portion of any of these nucleotide 

sequences. A nucleic acid molecule which is complementary to the nucleotide sequence 
shovm in SEQ ID NO: 1 or 3, or the nucleotide sequence of the DNA insert of the plasmid 

deposited with ATCC as Accession Number , is one which is sufficiently 

complementary to the nucleotide sequence shown in SEQ ID NO: 1 or 3, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

, such that it can hybridize to the nucleotide sequence shown in SEQ ID NO: 1 or 3, or 

the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number , thereby forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic acid molecule of the 
present invention comprises a nucleotide sequence which is at least about 32.2%, 35%, 40%, 
45% 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 85%, 90%, 95%, 98% or more identical 
to the entire length of the nucleotide sequence shown in SEQ ID NO: 1 or 3, or the entire 
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length of the nucleotide sequence of the DNA insert of the plasmid deposited wUh ATCC as 

Accession Number , or a portion of any of these nucleotide sequences. 

Moreover, the nucleic acid molecule of the invention can comprise only a Potion of the 
nucleic acid sequence of SEQ ID NO: 1 or 3, or the nucleotide sequence of the DNA msert 

5 oftheplasmiddepositedwithATCCasAccessionNumber , for example, a fragment 

which can be used as a probe or primer or a fragment encoding a portion of a bcap73 
protein, e.g., a biologically active portion of a bcap73 protein. The nucleot.de sequence 
determined from the cloning of the bcap73 gene allows for the generation of probes and 
primers designed for use in identifying and/or cloning other bcap73 family members, as well 
,0 as bcap73homologues from other species. The probe/primer typically comprises 

substantially purified oligonucleotide. The oligonucleotide typically composes a region of 
nucleotide sequence that hybridizes under stringent conditions to at least about 12 or 1 5, 
preferably about 20 or 25, more preferably about 30, 35, 40, 45, 50, 55, 60, 65 or 75 
consecutive nucleotidesofasense sequence of SEQ ID NO: 1 or 3, or the nucleotide 
,5 sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 
ofan anti-sense sequence of SEQ ID NO: 1 or 3, or the nucleotide sequence of the 

DNA insert of the plasmid deposited with ATCC as Accession Number , or of a 

naturally occurring allelic variant or mutant of SEQ ID NO: 1 or 3, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 

. In one embodiment, a nucleic acid molecule of the present invention -mprises a 
;;;;;i7otide sequence which is greater than I9U, 191 1-2000, 2000-22^^^^^^ 
2750 2750-3000, 3000-3250, 3250-3500, 3500-3750, 3750-4000, 4000-4250, 4250-4500, 
4500-4736 or more nucleotides in length and hybridizes under stringent hybridization 
conditions to a nucleic acid molecule of SEQ ID NO: 1 or 3, or the nucleotide sequence of 

25 the DNA insert of the plasmid deposited with ATCC as Accession Number . The 

lengths of nucleic acid molecules of the invention can be within a range using any one of the 
aforementioned numbers as the upper or lower limit of the range. For example, the nucleic 
acid molecules can be of a length greater than at least 1911 and/or 3000 nucleotides m 

30 Probes based on the bcap73 nucleotide sequences can be used to detect transcripts or 

genomic sequences encoding the same or homologous proteins. In preferred embodiments, 
the probe fiirther comprises a label group attached thereto, e.g., the label group can be a 
radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can 
be used as a part of a diagnostic test kit for identifying cells or tissue which misexpress a 

35 bcap73 protein, such as by measuring a level of a bcap73-encoding nucleic acid in a sample 
of cells from a subject e.g., detecting bcap73 mRNA levels or determining whether a 
genomic bcap73 gene has been mutated or deleted. 
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A nucleic acid fragment encoding a "biologically active portion of a bcap73 protein 
can be prepared by isolating a portion of the nucleotide sequence of SEQ ID NO: 1 or 3, or 
the nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as 

Accession Number , which encodes a polypeptide having a bcap73 biologxcal actmty 

5 (the biological activities of the bcap73 proteins are described herein), expressmg the 
encoded portion of the bcap73 protein ie.g., by recombinant expression in vitro) and 
assessing the activity ofthe encoded portion of the bcap73protem. 

The invention further encompasses nucleic acid molecules that differ from the 
nucleotide sequence shown in SEQ ID NO: 1 or 3, or the nucleotide sequence of the DNA 

.0 insert ofthe plasmid deposited with ATCC as Accession Number , due to degeneracy 

ofthe genetic code and thus encode the same bcap73 proteins as those encoded by the 
nucleotide sequence shown in SEQ ID NO: 1 or 3, or the nucleotide sequence ofthe DNA 

insert ofthe plasmid deposited with ATCC as Accession Number • In another 

embodiment, an isolated nucleic acid molecule ofthe invention has a nucleotide sequence 
15 encoding a protein having an amino acid sequence shown m SEQ ID NO: 2^ 

In addition to the bcap73 nucleotide sequences shown in SEQ ID NO: 1 or 3, or the 
nucleotide sequence ofthe DNA insert ofthe plasmid deposited with ATCC as Accession 
Number , it will be appreciated by those skilled in the art that DNA sequence 
polymorph;;;;:s that lead to changes in the amino acid sequences ofthe bcap73 proteins may 
20 exist within a population (e.g., the human population). Such genetic polymorphism m the 
bcap73 genes may exist among individuals within a population due to natural allelic 
variation. As used herein, the terms "gene" and "recombinant gene" refer to nucleic acid 
molecules which include an open reading frame encoding a bcap73 protein, preferably a 
mammalian bcap73 protein, and can further include non-coding regulatory sequences, and 
25 ^"trons.^^^^^_^ ^^^^^^ ^^^^^^ ^^^^^.^^^j non-functional bcap73 

proteins. Functional allelic variants are naturally occurring amino acid sequence variants of 
the bovine bcap73 proteins that maintain the ability to bind a bcap73 ligand or substrate 
and/or modulate subcellular distribution of actin and/or actin function and/or changes in 
30 cytoskeletal structure and/or cell motility and/or response to tissue injury. Functional allelic 
variants will typically contain only conservative substitution of one or more ammo acids of 
SEQ ID NO: 2, or substitution, deletion or insertion of non-critical residues m non-critical 

regions of the protein. 

Non-functional allelic variants are naturally occurring amino actd sequence vanants 
35 of the bovine bcap73 proteins that do not have the ability to either bind a bcap73hgand or 
substrate and/or modulate cell proliferation and/or migration mechanisms. Non-funct,onal 
allelic variants will typically contain a non-conservative substituUon, a deletion, or tnsertton 
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■ J r.f ^vn TD NO- 2, or a substitution, 

or premature truncation of the ammo acid sequence of SEQ 

:::2::r:r— ^^^^ 
^^^^^^^^ 

— ^^^^^^ 

of^FOTDNO- 1 or 3, or the nucleotide sequence oftheDNAmsert 01 me 

CToft: invention. Fo, example, . i>u™a„ bcap73 cDNA or a n,„„.e bcap73 cDNA can 

.„ be idemifed based on the nucleotide ^^''''^^ ^^^11,^,, ^ ,„„.„,„gues of 
Nnrleic acid molecules correspondmg to natural allelic vdri ^ . ni 

• l!Jl5 20 25 30 or more nucleotides in length and hybridizes under 
. ::.e.acid.^^^^^^^^^^^ 

Qpmn NO- 1 or 3 or the nucleotide sequence of the DN A insen oi v 

SEQ ID NO. I or J, or embodiment, the nucleic acid is at least 
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As used herein, the tenn "hybridizes under stringent conditions" is intended to 

describe^onditions for hybridization and washing under which nucleotide sequences at least 

60% identical to each other typically remain hybridized to each other. Preferably the 

nd Ins are such that sequences at least about 10%, more preferably at leas about 80 A, 
conditions are 4 .^^^^.^^^ ^^^^ ^^^^^ ^^p^^^U^ 

cL be found in Curren, PrCocols In Molecular Biology, John W.ley & Sons N Y. (1989), 
6^ 6 6 A preferred, non-limi.ing example of stfngen. hybridization condrfons are 
hyb idi^ ion in 6X .odium chioride/sodium ci„a.e (SSC) a. abou, 45»C. '0"°-^' 
,„ more washes in 0.2 X SSC, 0.1«/, SDS a, preferably a, 55"C, 

C and even more preferably a. 65=C. Preferably, an isolared nucle.c — "^-f ^ 
invention tot hybridizes under stringem conditions .0 dte sequenee of SEQ ID NO. or 
ol ^nds .0 a naturally-occurring nucleic acid molecule. As used herem, a -natur^ly- 
occTIg- nucleic acid molecule refers ,0 an RNA or DNA molecule havmg a nucleottde 
, , ,eauence that occurs in nature (e.g., encodes a natural protem). 

' Tntddition .0 naturally-occurring allelic variants of the bcap73 sequences that may 
exist in the population, dte skilled artisan will further appreciate that changes can be 
:Luced byltaUon into the nucleotide ^ l^e^^on 

nucleotide sequence of dte DNA insert of the plasnnd depos.ted -^^^^^C a " 
,n Number thereby leading to changes in the ammo ac.d sequence of the etKoded 

^7 pT^; without altering the functional ability of the bcap73 proteitts. For ex^ple, 
Xide subs itutions leading to amino acid substitutions a. "non-essenua r am.no ac d 

can be made in the sequence of SEQ ID NO: I or 3, o-^e — sequen^of 
fl,e DNA insert of the plasmid deposited with ATCC as Accession Number . A non 

present in the actin-binding domain and/or the actin-binding domam, are predicted .0 be 
30 plZ^larly unamenable .0 alteration. Furthermore, additional amino ac.d residues that are 
^:::trltween thebcap73 proteins of the present invention and other members of the 
ABP family are not likely to be amenable to altemtion. „„,ecules 
Accordingly, another aspect of the invention pertains .0 nucleic acid molecules 
encodintW3,:oteins.ha. contain ch^gesinaminoacidresiduestba.^^^^^^^^ 

35 for activity Such bcap73 proteins differ in amino acid sequence from SEQ ID NO. 2, yet 

rb o'ogical activity. In one embodiment, the isolated nucleic acid molecule comprises a 
lleotide iquence encoding a protein, wherein the protein comprises ^ amino acid 



Attorney Docket No.: TUI-OOICP 



-19- 



10 



.,„„c= a. lea., about 30%. 35%, 40%, 45%, 50%, 55%, 60%, 65%. 70%, 75%, 80%, 85%, 
90% 95% 98% or more identical to SEQ ID NO: 2. 

■ An isolated nucleic acid molecule encoding a bcap73 protein identical ,o .he protcn 
of SEQ ID NO: 2. can be created by introducing one or more nucleotide subsututtons, 
additions or deletions into the nucleotide sequence of SEQ ID NO: 1 or 3, or the nucleottde 
sequence of the DNA insert of the plasmid deposited with ATCC as Accesston Number 

such tha, on. or more amino acid substitutions, additions or deleuons are mtrodueed 
;;^he encoded protein. Mutations can be introduced into SEQ ID NO: lor 3, or the 
nucleotide sequence of the DNA insert of the piasmid deposited with A^CC as A_ 
Number by standard techniques, such as site-directed mutagenesis and PCR-med,ated 
mutagen^Preferably. conservative amino acid substitunons are made at one or more 
^IdTcted non-essentta, amino acid residues. A -conservative amino acid substttutto,,. ts one 
„ which the amino acid residue is replaced with an amino acid residue havng a s.„,,.ar s, e 
chain Families of amino acid residues having similar side chains have been defined m the 
,5 art. These families include amino acids with basic side chains (e.g.. lysine, argmme, 

histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar s.de chams 
(, „ glycine, asparagine. glu«tmine, serine, threonine, tyrosine, cysteme), nonpolar s.de 
chains (eg alanine, valine, leucine, isoleucine. proline, phenylalanine, mcthtomne, 
t^ZZi beta-branched side chains (e.g., threonine, valine, isoieucine) and aromattc s, e 
ao «.g tyrosine, phenylalanine, tryptophan, histidine). Thus, a prcdtcted nonessentra. 
amino Lid residue in a bcap73 protein is preferably replaced with another ammo acd res.due 
from Ae same side chain family. Alternatively, in another embodiment, mutattons can be 
introduced randomly along all or part of a bcap73 coding sequence, such as by saturatton 
mutagenesis, and the resultant mutants can be screened for bcap73 biologtcal acvty to 
.5 Tdent^ mut^ts that retain activity. Following mutagenesis of SEQ ID NO: 1 or 3. or the 
lele sequence of the DNA insert of d,e piasmid deposited with ATCC as Accesston 
Number . the encoded protein can be expressed recombinantly and the acttvtty of the 

nrotein can be determined. u-i v +^ 

In a preferred embodiment, a mutant bcap73 protein can be assayed for the ab.hty to 
30 (1) interact with a non-bcap73 protein molecule, e.g.. a bcap73 Ugand or substrate; 2) 
activate a bcap73-dependem signal transduction pathway; or (3) modulate subcellular 
distribution of actio and/or actin function and/or changes in cytoslcelctal structure and/or cell 
motility and/or response to tissue injury. 

In addition to the nucleic acid molecules encoding bcap73 protems descnbed above, 
35 another aspect of the invention pertains to isolated nucleic acid molecules which are 

antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence which is 
complementary to a "sense" nucleic acid encoding a protein, e.g., complement^ to the 
coding strand of a double-stranded cDNA molecule or complementary to an mRNA 
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sequence. Accordingly, an antisense nucleic acid can hydrogen bond to a sense nucleic acid. 
The antisense nucleic acid can be complementary to an entire bcap73 coding strand, or to 
only a portion thereof. In one embodiment, an antisense nucleic acid molecule is antisense to 
a "coding region" of the coding strand of a nucleotide sequence encoding bcap73. The term 
"coding region" refers to the region of the nucleotide sequence comprising codons which are 
translated into amino acid residues {e.g., the coding region of bovine bcap73 corresponds to 
SEQ ID NO: 3). In another embodiment, the antisense nucleic acid molecule is antisense to a 
"noncoding region" of the coding strand of a nucleotide sequence encoding bcap73. The 
term "noncoding region" refers to 5' and 3' sequences which flank the coding region that are 
not translated into amino acids {i.e., also referred to as 5' and 3' untranslated regions). 

Given the coding strand sequences encoding bcap73 disclosed herein {e.g., SEQ ID 
NO- 3) antisense nucleic acids of the invention can be designed according to the rules of 
Watson and Crick base pairing. The antisense nucleic acid molecule can be complementary 
to the entire coding region of bcap73 mRNA, but more preferably is an oligonucleotide 
which is antisense to only a portion of the coding or noncoding region of bcap73 mRNA. 
For example, the antisense oligonucleotide can be complementary to the region surrounding 
the translation start site of bcap73 mRNA. An antisense oligonucleotide can be, for example, 
about 5 10 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid 
of the invention can be constructed using chemical synthesis and enzymatic ligation reactions 
using procedures known in the art. For example, an antisense nucleic acid {e.g., an antisense 
oUgonucleotide) can be chemically synthesized using naturally occurring nucleotides or 
variously modified nucleotides designed to increase the biological stability of the molecules 
or to increase the physical stability of the duplex formed between the antisense and sense 
nucleic acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 
used Examples of modified nucleotides which can be used to generate the antisense nucleic 
acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2- 
methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-ademne, 7- 
methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D- 
mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosme, 2- 
thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- 
> oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2.thiouracil, 3-(3-amino-3- 
N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the antisense 
nucleic acid can be produced biologically using an expression vector into which a nucleic 
acid has been subcloned in an antisense orientation {i.e., RNA transcribed from the inserted 
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nucleic acid will be of an antisense orientation to a target nucleic acid of interest, described 
further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding a bcap73 protein to thereby inhibit expression of the protem, e.g., 
by inhibiting transcription and/or translation. The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for example, in the case of an 
antisense nucleic acid molecule which binds to DNA duplexes, through specific mteractions 
in the major groove of the double helix. An example of a route of administration of 
antisense nucleic acid molecules of the invention include direct injection at a tissue site. 
Alternatively, antisense nucleic acid molecules can be modified to target selected cells and 
then administered systemically. For example, for systemic administration, antisense 
molecules can be modified such that they specifically bind to receptors or antigens 
expressed on a selected cell surface, e.g., by linking the antisense nucleic acid molecules to 
peptides or antibodies which bind to cell surface receptors or antigens. The antisense 
nucleic acid molecules can also be delivered to cells using the vectors described herem. To 
achieve sufficient intracellular concentrations of the antisense molecules, vector constructs 
in which the antisense nucleic acid molecule is placed under the control of a strong pol II or 

pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual |3-units, 
the strands run parallel to each other (Gaultier et al. (1987) Nucleic Acids. Res. 15:6625- 
6641) The antisense nucleic acid molecule can also comprise a 2'-o-methylribonucleotide 
(Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a chimeric RNA-DNA analogue 
(Inoue et al. (1987) FEES Lett. 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a nbozyme. 
Ribozymes are catalytic RNA molecules with ribonuclease activity which are capable of 
cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a 
complementary region. Thus, ribozymes (e.g., hammerhead ribozymes (described in 
Haselhoff and Geriach (1988) Nature 334:585-591)) can be used to catalytically cleave 
bcap73 mRNA transcripts to thereby inhibit translation of bcap73 mRNA. A ribozyme 
having specificity for a bcap73 -encoding nucleic acid can be designed based upon the 
nucleotide sequence of a bcap73 cDNA disclosed herein (i.e., SEQ ID NO: 1 or 3, or the 
nucleotide sequence of the DNA insert of the plasmid deposited with ATCC as Accession 

Number ). For example, a derivative of a Tetrahymena L-19 IVS RNA can be 

constructed in which the nucleotide sequence of the active site is complementary to the 
nucleotide sequence to be cleaved in a bcap73-encoding mRNA. See, e.g., Cech et al. U.S. 
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/ TTc PatPntNo 5 116 742. Alternatively, bcap73 

„RNA can be used to ^'^^^^ /^^^ ,W. (,„3) Sc,e.ce 26,:HU- 

pool of RNA molecules. See, e.g., Banei, 

• , u „7l„„eexnression can be inhibited by targeting nucleotide 
5 Alternatively, bcap73 gene expressio , . .,„73,,„ ,he bcap73 promoter 

sequences complementary to the regulatory "^'^ * 1^;^^^^^^^ „fL heap73 
and/orenhancersMoformtHplebelic^^^^^^^ 

"'"Ty^ another embodiment, the bcap73 nucleic acid molecules of the present 

improve, e.g., the stability, nyoi can be modified to generate 

deoxyribose phosphate backbone of the nucle.c aad molecules can be m 

15 peptide nucleic acids (see Hyrup B. et aL (i ) ^^^^^^ ^^.^ 

:r:rr:rr:hrrdr^^^^^^^^^^ 

^eXpUae backbone and only the four natural — ^ ^^^I*^^^^^^^ 
LkboneofP.Ashasheenshown»..™ ors^^^^^^ 

Pprrv O'Keefe et al Proc. Natl. Acad. Sci. 93: 14670-675. 
supra\ Perry-U l^eeie eiui.rvKj +v,praneutic and diagnostic 

X . r u n-i r.^^n\^\c acid molecules can be used m therapeuuc aiiu u b 

nucleases (Hyrup B. (1996) supra% or as probes or prtmers for DNA se,uenc, 
/TT Q ./^/ nQ96^sMPra Perry-0'Keefe5Mpra). 
,0 hybridi^uon (Hyrup B. e, „„,if„a, (eg.. .0 enhance dreir 

In another embodiment, PNAs ot Dcap i^^<^ . t,^ pn A bv the 

..Hlity or celluiar uptake), by anaching lipophilic or Z 
formation ofPNA-DNA Chimeras, orby^^useo^^^^^^^^^^^ 

. :::rrb^rtedrrnr;'=ea.^^^^^^^^ 

polymerases), to im chimeras can be linked using linkers of 

binding affinity and specificity. PNA-DNA cmmerd 



AttorneyJJgcketNo.:TUI-001CP 

•23- 



10 



nucleobases, and orien,.«on (H^^P ( 996) »^ > ^ , ^, 

mdeic Acids Res^ 24 (17). 335 / OJ. r . modified nucleoside 

solid suppon using standard phosphoram.d,. "^f^^^Z^^^^^^^^, can be used 
analogs, e.g., 5'-<^--*oxytri.yI)an>.no-5 -^de xy^^^^^ 

a, abelween .he PNA and .he 5' end ^^.^^^^^^^ j^^ . p„,„ee a chimeric 
5,73-SS). PNA n,o„o„e.s are — ^Jp,. (1996) 
molecule wi.h a 5' PNA segmen. and a 3 DNA seg . ^ ^, 

Al.e— ,cHn>eric™oW.^^^^^^^^^^^^^ ,^19-1.124). 
segmen. (PeK.ser, K.H. al. (1975) B.oorgm^ 

In o.her embodiment, .he oligonucleonde may ^'^'J J 

as pep.ides (.g.. fo. .arge.ing hos. cell .ecep.o,s . ^-^^-^l^"^^^ ^ VSA 

-s*eeel,memb.ane(see,.. L^^^^^^^^^ 

,,.«53 6556. — ; ;,;:>rod.b* we. (see. .g., PCX Publica.ionNo. 
Publication No. W088/0981U) or me modified with hybridization-tnggered 

" ::inTa:rc:r::r— 

nasotesdbcaElBlWns^^ y„,„gi,ally 
One aspec. of die inveniion pertains to iso.«e f 

as immunogens to 

active portions thereof, as well as ^'^^^llT^^ZZl V^"^^ - ^ '^'^ 
.ise anti-bcap73 antibodies^ In °- -"^^ sch'eme'ustng standard protein 
from cells or .issue sources by an appropt.a.e pt^r 
purifica.ion.echni,ues. inano.— .-^.^^^^^^^^ 
recombinan. DNA techniques. Altemattve techniques. 
30 polypeptide canbe synthesized chemically '^^^^^^^^^'^'^^^-^''^ 

An -isolated- or -purified- pro.em or "'""'^'^'I'^'J^^ „11 or tissue 

substantially ftee of cellular materia, or odter "'^^'^^^ ftom chemical 
source f.om which the bcap73 protein ts denved, """^s^nfa^^ .,„b„antially 
p„ or o*er chemicals when Chemically jn*es -^^^^^ 
3, freeofceUularmalertal-includesprei^ra.^^^^^^^^^ 

separaled from cellular -^^^^ l^^,^,^^,, free of cellular ma.erial- 

produced. In -"-"f;j:^^3ing less *an abou. 30% (by dry wetgh.) of non- 
includes preparauons of bcap73 prottm navrng 
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bcap73 protem, and most preierably ^ecombinantly produced, .t .s also 

bcap73 protein or biologically aCve portron *er-f - - ^^^^ 
preferably subsumtially tree of culture — " •7";; "^ly L than about 5% of 
Ibout 20%, more preferably less fltan about 10%, and most preferably 
the volume ofthe protein preparation. , „„™,sors or other chemicals" includes 

The language "subsumtially free °f P"^" " °^ p„,u,sors or 

preparations of bcap73 protein in which Ure protem '-P^-^^^^^^^^^ 

'other chemicals which are involved in the ^^^^^^^ "f^^ '^t^J^,,, ,„,,„aes 
,.,.,e.sub— f.eofe— ec^^^^^ 

preparations of bcap73 protein navi g „ , ,^ , .v^an about 20% chemical 

precursorsornon-beap73 — more.^^ 

— IndmostUrablylessthanaW 

precursors or non-bcap73 chemicals. .^^^^^^^ ^ 

fte amino acid sequence of the bcap73 P">'-"- ;^«; i^^, ^ exhibit at 

------- ::r«^^^^^ 

least one activity of a bcap73 protem l yp J modulating cell 
domain or motif with at least one act,v,.y of he ^^'Tm protein can be a 

proliferation mechanisms. A hiologica ly ^.ve^^« ofa ^ap ^^P^ ^^^^ ^^^^ 

polypeptidewhichis for exantple, 0^2 0^^.^ ,,3„_ ,3„0, 

550, 600, 650, 700, 750, 800, 850, . ^^^^ of a bcap73 protem 

,350, ,400 or more -;7'' a bcap73 mediated activity, 

^.rrstruetureana/or cell motility and/orresp^^^^^^^^^^^ 

least one ankynn repeat domain, and/or at 1 protein of the present 

understood that a preferred biologically active pomon of P ^.^ 

invention may contain at least one ankynn repea omam^^ P ^^^^ 

::ri:rt:::r=^^ 
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fcnctional activMes of a native bcapB P'°«'" . ^i„„ sequence shown in 

in a preferred embodiment, .he bcap73 protem te, ^^.^ 
SEQ ,D NO: 2. In o*er embodiments, the b^p7 « - ^^^^^^^ ^„ 

no: 2, and retains *e <-^^^rZ.^l, as described in detai, in 
amino acid sequence due to natural allehc var ^ _^ 

subsection I above. Accordingly, in ^^^^^'^f 40%, 45%, SC/.. 55%. 

„h,ch comprises an amino ^f^^^^^^^^^sCZ^i^^^^^ .0 SEQ ID NO: 2. 

:::ra:rn::r— ^ 

/urposes). a preferred ^''^ .oreVferab, at ieast 50-/. 

comparison purposes ts at least 30/c, preferably ^^.^^^ „f 

evenmorepreferab,ya,leas.60./.,anev»mor^^^P^^^^^^ 

the length of the ^^vC. > -ino acid residues, a. least 420, 

amino acid sequence of SEQ ID NO^Z hav J ^^^^^^^^^ 

p„ferab,y at 'e-^^' ~ ; ' 'lino acid residues ^ aUgned). Tl-e 
even more preferably at least 981, 1 121 or „udeot,de 
^ino acid residues or nucleotides a. sequent is occupied by the same 

positions are then compared. When a posttton ™ ,he„ 
Lino acid residue or nucleotide as <^ ^""^'^"^l^'^^^ „„.,eic acid 

.Kc molecules a„ identical -^^^^^Z^^tTZ^o^o^ry lire percent identity 
■identity is equivalent to "'^ " ^^^^^^er of identical posiUons shared by the 

„beintroducedforoptin.,ali^;--^^^^^ 

The comparison of sequences ana ,,^„,ithm In a preferred 

------- ::;ree— 

embodiment, the P«-' ;<^^2 Sr<48)-444-453 (1970)) algorithm which has been 
Needleman and Wunsch(y. Mt./. B,ot 48)^ ^, 
incorporated into the GAP program ,n the »tt P , 
http.//ww«.gcg.com), using either a Blossom 62 matnx or , „^„fter 

weight ofia,14,12,10,8.6,or4a^daMg.^e^o^^^^^^^^^ 

p^eferred embodiment, the P^«- at ht.p://www.gcg.com). 

using the GAP program m the GCG sottwar P ^ 70, or 80 and a length 

using a NWSgapdna.CMP matrix and a gap wetght of 40, 50, 
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acid or nudecide se,ue„ces is determined using the ^^^^ ™ (,„,i„„ 
(CAB,OS,4..>,-,7(.9S9)>wUeHh..ee^.neo^^^^^ 

2.0), using a PAM120 weight residue table, a gap lengxn p y 

■ of the nresent invention can further be used 

The nucleic acid and protein sequences of the present in 

. . . "Xrl; 

XBLAST program, score - 100, wordlengtn alignments for 

.„„„,„.ous.™t„,ein— 

comparison pu^oses Gapped BLAST c^ be ^^^^^ ^^^^^ 

iVuc/cic/lcWs/i«s 25(17).338i) 34UZ. w „w.„ XRI.ASTandNBLAST) 

p,og«n,s, Ute defauU parameters of the respecve programs (. g.. XBLAST 

can be used. See hnP^''"»™ "':«-"f „^ f„3i„„ p„,eins. As used Irerein. a 

Tbe invention.. Pt^^^e^^^^^^^^^^ 
bcap73 "ctamenc pro.em or fusron pro P . ^^^^^^ ^ having 

Hriced to a non-bcap73 P"'^"' ^^^'"'j' f ZL a ■non-bcap73 polypeptide" 
an amino acid sequence corresponding to bcap/3, w ;„ „hich is 

refers to a poiypeptide baving — " ^^^^^ di«erent from 

not substantially homologous to the bcap73 protem, ' « ^i,u„ a 

3 the bcap73 protein and which is derived from the same or ^^^^^^^'^^ 

>„ Within the fusion protein, the term "operatrvcly hnked .s '"'^ded ^ 

"'^"t:e.amp.e,inoneembodimen.,the.sionprotein.sa^^^^^^^ 
35 in Which the bcap73 sequences are teed to *e C_ of *e GST sequences. 

teion proteins can facilitate the puriftcation " ^,„„ ,„ 

In a fitrther embodiment, die fuston protem ts a «''«''-'^.'*'" c terminus or 
which six consecutive histidine residues axe fttsed to the N-.ermmus, or the C-termmus, 
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embedded wiAin *e amino acid sequence of bcap73 protein. J'™;;'^^^ 
.he detection »d etaomatographic purification of recombtnant bcap73 and 

.sociated pro^in. ^^^^^^ ^ ^^^^^ p.tein containing a 

,5 as either bcap73 agonists (mimetics) or as bcap73 antagonists. Vanants of the b^p7 

35 aseimerDCdp/j cig MUcrete ooint mutation or truncation of a 

subset, of the biological activities of the naturally occumng form of a bcap73 prot 



20 



Attorney I^et No.: TUI-OOICP 



-28- 



10 



15 



20 



antagonist of a bcap73 protein can inhibit one or more of tlte activities of tl>e naturally 
rr„g fom. of the bcap73 protein by, for example, competitively modulattng a bcap73- 

elactivity of a bcap73 protein. Thus, specific biological effects can be ehcted by 
r^t^^ent with a variant of limited faction. In one embodiment, treatment of a sub.ec^wtth 
aTariant having a subset of the biological activities of the naturally occurrtng form of the 
prlta has fe Jer side effects in a subject relative to treatment with the naturally occurrmg 

"™Tor—;:variantsofabcap73protein»hich .notion aseitherbcap73 
agonists (mimetics) or as bcap73 antagonists can be identified by screening combtnatonal 
ZZ oTmu J, truncation mutants, of a bcap73 protein for bcap73 protetn agomst 
or atttagonis. activity. In one embodiment, a variegated library of bcap73 van^ts ts 
generated by combinatorial mutagenesis a. the nucleic acid level and ts encoded by a 
variegated gene library. A variegated library of bcap73 variants can be produced by. for 
rZ , e zymaticaUy ligating a mixture of syntheHc oligonucleotides into gene sequences 
Ih thai a degenerate - of potential bcap73 se,uences is ^^'^-^^^-j;^-^^^^^ 
polypeptides or altetnatively, as a set of larger fusion proteins (e.g., for phage display) 

»he set of bcap73 sequences therein. There are a variety of medtods w tch can be 
: d to pLuee libraries of potential bcap73 variants .om a degenerate ""^o- e«,de 
sequence. Chemical synthesis of a degenerate gene sequence can be performed t.^ an 
automatic DNA synthesizer, and the synthetic gene then ligated into ar, appropnate 
xpression vector Use of a degenerate set of genes allows for the provtston, m one mtxt,^. 

of *e sequences encoding the desired set of potential bcap73 sequences. Me*o^ f 
synthesizing degenerate ohgonucleotides are known in the art f ■ ^-"8- S '^^ ' 
La,eJ. 39:3; Itakura al. (1984) A.nu. Re. BiocHe„. 53:323; Itakura e, a,. (1984, 
: Science 198:1056;Ikee(a;.(1983)Wiicfefc^cWte. 11:477. 

,n addition, libraries of fragments of a bcap73 protein coding sequence can be used 
to venerate a variegated populauon of bcap73 ftagments for screening artd subsequem 
Il^'f vlian' of aUap73 protein. In one embodiment, a library of coding s^^uce 
figments can be generated by treating a double stranded PCR fragment of a bcap73 codtng 
„ ^Ice with a nuclease under conditions wherein nicking occurs only about once per 
m lecnle, denaturing the double stranded DNA, renaturing dte DNA to form double 
.randed DNA which can include sense/antisense pairs from different -^—^ 
removing single stranded portions fiom reformed duplexes by treatment wtth SI nuclease, 
and Hgalg the resuhing fragment library into an expression vector. By thts method an 
. Txpression library can be derived which encodes N-terminal. C-termtnal and tntemal 

fraements ofvarious sizes of the bcap73 protein. , i 

" veral techmques are known in the art for screening gene products of combtnatonal 
libraries made by point mutations or truncation, and for screening cDNA hbtartes for gene 
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products having a selected property. Such techniques are adaptable for rapid screening of 
the gene libraries generated by the combinatorial mutagenesis of bcap73 proteins. The most 
widely used techniques, which are amenable to high through-put analysis, for screening 
large gene libraries typically include cloning the gene library into replicable expression 
vectors, transforming appropriate cells with the resulting library of vectors, and expressing 
the combinatorial genes under conditions in which detection of a desired activity facilitates 
isolation of the vector encoding the gene whose product was detected. Recrusive ensemble 
mutagenesis (REM), a new technique which enhances the frequency of functional mutants 
in the libraries, can be used in combination with the screening assays to identify bcap73 
variants (Arkin and Yourvan (1992) Proc. Natl. Acad. Sci. USA 59:781 1-7815; Delgrave et 
al. (1993) Protein Engineering 6(3):327-331). 

In one embodiment, cell based assays can be exploited to analyze a variegated 
bcap73 library. For example, a library of expression vectors can be transfected into a cell 
line, e.g., an endothelial cell line, which ordinarily responds to bcap73 in a particular bcap73 
substrate-dependent manner. The transfected cells are then contacted with bcap73 and the 
effect of expression of the mutant on signaling by the bcap73 substrate can be detected, e.g., 
by monitoring intracellular calcium, IP3, or diacylglycerol concentration, phosphorylation 
profile of intracellular proteins, cell proliferation and/or migration, or the activity of an 
bcap73-regulated transcription factor. Plasmid DNA can then be recovered from the cells 
which score for inhibition, or alternatively, potentiation of signaling by the bcap73 substrate, 
and the individual clones further characterized. 

An isolated bcap73 protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind bcap73 using standard techniques for 
polyclonal and monoclonal antibody preparation. A full-length bcap73 protein can be used 
or, alternatively, the invention provides antigenic peptide fragments of bcap73 for use as 
immunogens. The antigenic peptide of bcap73 comprises at least 8 amino acid residues of 
the amino acid sequence shown in SEQ ID NO: 2 and encompasses an epitope of bcap73 
such that an antibody raised against the peptide forms a specific immune complex with 
bcap73. Preferably, the antigenic peptide comprises at least 10 amino acid residues, more 
preferably at least 15 amino acid residues, even more preferably at least 20 amino acid 
residues, and most preferably at least 30 amino acid residues. 

Preferred epitopes encompassed by the antigenic peptide are regions of bcap73 that 
are located on the surface of the protein, e.g., hydrophilic regions, as well as regions with 
high antigenicity. 

A bcap73 immunogen typically is used to prepare antibodies by immunizing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinant^ expressed 
bcap73 protein or a chemically synthesized bcap73 polypeptide. The preparation can further 
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include an adjuvant, such as Freund's complete or incomplete adjuvant, or similar 
immunostimulatory agent. Immunization of a suitable subject with an immunogenic bcap73 
preparation induces a polyclonal anti-bcap73 antibody response. 

Accordingly, another aspect of the invention pertains to anti-bcap73 antibodies. The 
5 term "antibody" as used herein refers to immunoglobulin molecules and immunologically 
active portions of immunoglobulin molecules, i.e., molecules that contain an antigen binding 
site which specifically binds (immunoreacts with) an antigen, such as bcap73. Exmtiples of 
immunologically active portions of immunoglobulin molecules include F(ab) and F(ab )2 
fragments which can be generated by treating the antibody with an enzyme such as pepsin. 
10 The invention provides polyclonal and monoclonal antibodies that bind bcap73. The term 
"monoclonal antibody" or "monoclonal antibody composition", as used herein, refers to a 
population of antibody molecules that contain only one species of an antigen binding site 
capable of immunoreacting with a particular epitope of bcap73. A monoclonal antibody 
composition thus typically displays a single binding affinity for a particular bcap73 protem 
15 with which it immunoreacts. 

Polyclonal anti-bcap73 antibodies can be prepared as described above by 
immunizing a suitable subject with a bcap73 immunogen. The anti-bcap73 antibody titer in 
the immunized subject can be monitored over time by standard techniques, such as with an 
enzyme linked immunosorbent assay (ELISA) using immobilized bcap73. If desired, the 
20 antibody molecules directed against bcap73 can be isolated from the mammal (e.g., from the 
blood) and further purified by well known techniques, such as protein A chromatography to 
obtain the IgG fraction. At an appropriate time after immunization, e.g., when the anti- 
bcap73 antibody titers are highest, antibody-producing cells can be obtained from the 
subject and used to prepare monoclonal antibodies by standard techniques, such as the 
25 hybridoma technique originally described by Kohler and Milstein (1975) Nature 256:495- 
497) (see also. Brown et al. (1981) J. Immunol. 127:539-46; Brown et al. (1980) J. Biol. 
Chem .255:4980-83; Yeh et al. (1976) Proc. Natl. Acad. Sci. USA 76:2927-31; and Yeh et 
al. (1982) Int. J. Cancer 29:269-75), the more recent human B cell hybridoma technique 
(Kozbor et al. (1983) Immunol Today 4:72), the EBV-hybridoma technique (Cole et al. 
(1985), Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96) or 
trioma'techniques. The technology for producing monoclonal antibody hybridomas is well 
known (see generally R. H. Kenneth, in Monoclonal Antibodies: A New Dimension In 
Biological Analyses, Plenum Publishing Corp., New York, New York (1980); E. A. Lemer 
(1981) Yale J. Biol. Med., 54:387-402; M. L. Gefter et al. (1977) Somatic Cell Genet. 
3:23 1-36). Briefly, an immortal cell line (typically a myeloma) is fused to lymphocytes 
(typically splenocytes) from a mammal immunized with a bcap73 immunogen as described 
above, and the culture supematants of the resulting hybridoma cells are screened to identify 
a hybridoma producing a monoclonal antibody that binds bcap73. 
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Any of the many well known protoeoU used for teing lymphocytes and 
immortalized cell Unes can be applied for the purpose of generating an an«-bcap73 
Zoclona, antibody (see, .... G. Galfre e.a, (.977) Na,ure 
S»»"cCW/Ge«e,..cited.„p™;Lemer, YaleJ. Biol ^^''•.f"^-";"^''^"'^^ 
Monoclonal AnliKodies, cited supra). Moreover, the ordtnardy skdled worker «,11 
appreciate that there are many variations of such methods which also would be .cM. 
Typically the immortal cell line (e.g., a myeloma cell Une) is denved from the same 
I^maL species as the lyntphocytes. For example, murine hyhridomas c^ e ma^e by 
fusing lymphocytes from a mouse immunized with an immunogemc preparation of the 
pTe^n nvention with an immortalized mouse cell line. Preferred immortal cell Imes are 
Ze myeloma cell Unes that are sensitive to culture medium containing hypoxan h,ne, 
r;:;Land.hym.di„eC.HATmedium.^Anyofanumber„fmye,^^^^^^^^^^ 
be used as a fusion parmer according to standard techniques, e.g., the P3-NS /1-Ag4 1, 
x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These myeloma lines are avatlable ft„n 
ATCC Typically, HAT-sensitive mouse myeloma cells are fttsed to mouse splenocytes 
using polyeAylene glycol ("PEG"). Hybridoma cells resultmg from the fusron are then 
: Id using HAT medtum, which kills unfused and -P-^/^^^^Xido* 
(unfused splenocytes die after several days because they are not transformed). Hybr doma 
cells producing a monoclonal antibody of the invention are detected by screen ng the 
hybridoma culL supematants for antibodies that bind bcap73, .... ustng a standard 

'"'"^ remative to preparing monoclonal andbody-secreting hybridomas, a monoclonal 
anti-bcap73 antibody can be identified and isolated by screening a recombmant 
Ibirforial immlglobulin librae (e..., an antibody phage display library, wtth bcap73 
o t"by isolate immunoglobuUn library members Utat bind bcap73. Ktts for genemttng 
and scr Jning phage display libraries are commercially available (e.g., the Pharmaca 

Lmi ^nn^o^ Syslen.. Catalog No. 27-9400-OU »d the Sttatagene 
SuHlAP^" Phage Display K„. Catalog No. 240612). Additionally, examples of methods 
Xgents pa^icularly amenable for use in generating and - 
library can be found in, for example, Ladner e, al U.S. Patent No. 5,223,409. Kang al. 
PCTTntemational Publication No. WO 92/1S619; Dower e. "'/CT 1— n^ 
Publication NO. WO 91/17271; Winter al PCX Intemafonal Pubhcatron WO 92/20791, 
Markland e, al PCT International Publication No. WO 92/1 5679; Bretthng e, al.KT 
"al publication WO 93/012SS; McCafferty e. PCT 

No WO 92/01047- Garrard e, al PCT International Publication No. WO 92/09690, Ladner 
"'rt— 1 Publication NO. WO 90/02S09; Fuchs «/. (.991) Bio^e^^ 
9 1370-1372; Hay (1992) Hym6omas 3:81-85; Huse e, a/. (1989) 
* L 246 '.275-128.; Griffiths e, al (.993) £MBO,/ 12:725-734; Hawktns e, al (1992) 
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. / nQQn Nature 352:624-628; Gram et ah (1992) 

'"^"T; L 7 8 sT^d McCaffer,, e, ("90) 348:«2-554. 
A?a(;. /Icai Sa. C/S,4 88.71) /8 /vs , ,„,iu.Hies such as chimeric and humanized 

,echni,ues,a,o™h,*ea«.forex™^^^^^^^^^^ 
International ApphcanonNo. I'CTOS86/0225^ 
,.,..Xan.,chi M B^^^^^^^^^ 

Patent Application 173,494, Neuberge European Patent 

S6/0,533; Cahi»y aL U.S. Uul 0987) Pro. 

Application 125,023; Better e, al. (1988) S^'^""^^ ,39:3521-3526; Sun a/. 

(,,S7) N. '-^X '^'^ZIaS-. and Shaw a, (.988) C.«cc. «. 
1005; wood « 0985) ^"'o^'^'' 229:1202-1207; Oi c, «/. (1986) 

80^,553-1559); Momson S. L. ('9* ^, , 321:552- 

B,.r.c«,... 4:214 „ C„S8) 

525; Verhoeyan et al. (1988) bcience ^dv, 

141 :4053-4060. ^ ,„ isolate bcap73 

An ant,-bcap73 '"'''f' "^^^^ or immunoprecipitation. An ant- 
by standard techniques, such as '^''^'^ f^""^ ^1 bcaD73 from cells and of 
hcap73 antibody can facilitate the P-~~ "^^L, an anti-bcap73 antibody 
.ecombin^tly produced or cell supernatant) in order to 

::::te:rc::rp=:^eSre.^ 

..bodiesc^bcuseddia.— .0— 
substance. Examples of detectaWesn^t^^^^^ 

nuorescent materials, lumtnescem materials, biolu ^j^^me 
materials. Examples of suitable enzymes f-'f , p,„„he,ic group 

phosphatase, p-galactosidase, or ^^^^'^'^''^^'^^^^^^^^l.^Z. fluorescent 
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luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 
125j 131j^ 35s or^H. 

III. Recombinant Expression Vectors and Host Cells 
5 Another aspect of the invention pertains to vectors, preferably expression vectors, 

containing a nucleic acid encoding a bcap73 protein (or a portion thereof). As used herein, 
the term "vector" refers to a nucleic acid molecule capable of transporting another nucleic 
acid to which it has been linked. One type of vector is a "plasmid", which refers to a 
circular double stranded DNA loop into which additional DNA segments can be ligated. 
10 Another type of vector is a viral vector, wherein additional DNA segments can be ligated 
into the viral genome. Certain vectors are capable of autonomous replication in a host cell 
into which they are introduced {e.g., bacterial vectors having a bacterial origin of replication 
and episomal mammalian vectors). Other vectors {e.g., non-episomal mammalian vectors) 
are integrated into the genome of a host cell upon introduction into the host cell, and thereby 
15 are replicated along with the host genome. Moreover, certain vectors are capable of 
directing the expression of genes to which they are operatively linked. Such vectors are 
referred to herein as "expression vectors". In general, expression vectors of utility in 
recombinant DNA techniques are often in the form of plasmids. In the present specification, 
"plasmid" and "vector" can be used interchangeably as the plasmid is the most commonly 
20 used form of vector. However, the invention is intended to include such other forms of 
expression vectors, such as viral vectors {e.g., replication defective retroviruses, 
adenoviruses and adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means 
25 that the recombinant expression vectors include one or more regulatory sequences, selected 
on the basis of the host cells to be used for expression, which is operatively linked to the 
nucleic acid sequence to be expressed. Within a recombinant expression vector, "operably 
linked" is intended to mean that the nucleotide sequence of interest is linked to the 
regulatory sequence(s) in a manner which allows for expression of the nucleotide sequence 
30 {e.g., in an in vitro transcription/translation system or in a host cell when the vector is 
introduced into the host cell). The term "regulatory sequence" is intended to include 
promoters, enhancers and other expression control elements {e.g., polyadenylation signals). 
Such regulatory sequences are described, for example, in Goeddel; Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, San Diego, CA (1990). 
35 Regulatory sequences include those which direct constitutive expression of a nucleotide 
sequence in many types of host cells and those which direct expression of the nucleotide 
sequence only in certain host cells {e.g., tissue-specific regulatory sequences). It will be 
appreciated by those skilled in the art that the design of the expression vector can depend on 
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u u:..( the host cell to be transfoimed, the level of expression of 
such factors as the choice of the host to produced into 

protein desired, and the like. The expresston vectors ~ 

host cells to thereby produce proteins or pephdes. ^^7^^,^, „f ,,,p„ 

encoded by nucleic acids as described heretn (..«., beap73 protcns, m 

proteins, fusion proteins, and ^ a,,ig„,d for expression 

The recombinant expression vectors "f ,an be 

bcap73 proteins in prokaryotic or eul^ottc^^ F^^^^^^^ 
expressed in bacterial cells such as £ .0/, .nsect cdls (^^^^g 

vectors) yeast cells or mammalian cells. Smtable host cells ar 

Ooeddel, ..pr...o" Z^^Z l '^l transcribed and 

Bie.o,CA(1990,.Alternatively,therec— 

translated In vUro. for example usmg T7 promoter «S 

Expression of proteins in prokaryotes '^"^ "^J.^^ „f ,,,,, f„3,o„ or 
containing constitutive or inducible promoters ^ „ ,„,^ed 

non-fusion proteins. Fusion vectors add a number P 

typically serve three purposes. 1) to increase exp purification of the 

iLase dte solubility of the recombinant P"-"' -">^°;^; ,„ 
recombinant protein by acting as a Hgand m ^'^'^'^^^^.^^c^o. of the fusion 
, expression vectors, a proteolytic cleavage site is p,„,,i„ f,<,„ ,he 

moiety andtberecombinantprot—^^^^^ 

fusion moiety subsequent to P""f™'*;^";,l«„ „a enterokinase. Typical 

. A ^+;..^iv tn the tareet recombinant protein. 

-•*rrd"e;:rbi^^^^ 

„,_tit.veassaysd^.ri.di^^^^^^^ 
TxTre^;— srvectorof^e.^^^^^^^^^^ 

Ta—r:::!::::— ^ 

(6) weeks). . ^^/i exnression vectors include pTrc 

(Amann .r (1988) Gene «'^3«'-'''> ^ ^^J^.^ p ..^^ Diego, California (1990) 
recWosy. M.rW. En^ymo o^ '"^-J^Zor relic on host RNA polymerase 
60-89). Target gene expression from the pTrc vector 
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„a„scrip,io„ ftom a h^W .rp-.ac teion promoter. Targe, gene «Pression " pET 
Z vecL relies on transcription from a T7 gnlO-lac fusion promoter ^^^^^^ 
xpressed viral RNA polymerase <T7 gnl). This viral polymerase .s supphed y ho 
li^ BL21(DE3) or HMS174(DE3) from a resident prophage harbonng a T7 gnl gene 

-^"tn:rr— — P^rrpressionin 
...lalthlria^t— ^ 

protein (Gottesman, S., "7""" ^1*° "f^g, strategy is to alter the 

(1987) hmoo J. o.^^y hv ^. .^x\ nYFS2 flnvitroeen Corporation, San 

pJRY88 (Schultz a/., (1987) Ge«e. 54: 113-123), pYES2 (invitrog 

ors BaJovirus vectors available for expression of protems in cultured 
expression vectors. Baculovirus vei^iui i (^c^sL-wMnl Cell Biol 

,w „ cfQ relish include the pAc series (Smith e^fl/. (1983) Mo/. Ce«fizoi. 

X:«)ndtX:t(— and 

,„ ye. another embodiment, a nueleic acid of .he invention .s expresse m 
mammahan cells using a mammalian expression vector. Examples » —han 
, T-ion vectors include pCDM8 (Seed. B. (1987, ^a,^e 329-.840 and pMT^PC 
Zrfman.,<,;(1987)£MSO.;.&187-195).Whenusedtamammahancell..he 

X ell coLl — are often provided by viral regulatory elements. For 

„ ;rjtrr;e:~creechap.ers.a„di7ofs^^^^^^^^^^^ 

Maniatis. T. Molecular Clonln,: A Laboralory Manual 2nd. ed^ CoU 

directing expression of the nucleic acid preferentially ^^^^^^^^^^ 
. specincregula.ryeleme™^^^^ 

a.r::i:(«ptn.L.^ 

lymphoid-specific promCers (Calame and Ea.on (1988) Ad. Mn,unoL 43.235-275). 
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^^^^ 

. .7Tcellreceptors(WinotoandBaltimore(1989)£MBOJ. 8:729-733) 
particular promoters of T ^^^P ^ 33-729-740; Queers and Baltimore (1983) 

and immunoglobulins promoter; Byrne and 

r^^Ji i.i.'lA] neuron-specific promoters \^e.g., 

^^^^ 

murine hox promoters (Kessel and G™^^^ ' „ ^ J ^„„„ i„ fte ar, are 

pro.o.er(Ca,npesandT„.«.^e^^^^^^ 

— :r:o"r:::r:.e^ 

example ,he SM22 promoter) and eukaryoric promoters whrch are spec.fie for 
«es. in a pLrred em^diment, tissue-speeific prom<«.s .^^^^^^^^^^^^ 

expression of bcap73 molecules of the invention in vascular smooth muscle and-o 
expre s,on o P ^^.^^^^^ ^ ^^^^ ,„„„dmg 

r» — lusion ana/or atherosclerosis a„d,or balloon angioplast,. In a 
^rp^Irred embodiment, tissue specific promoters are used to direct express.on of 

3 modules of the invention to enhance the reparative response of keratmocy tes 
rrfirbLtstoeptdermal wounds, inc,ud,n.burns and „c.nd^^^^^ 

angiogenesis event; e.,. those associated with tumors ^d carctnomas. 
The expression characteristics of an endogenous bcap73 gene wtthm a cell hne o 
mieroo:::r:a,bemodifiedb,insertingabeterologousBH^r.^^^^^^^ 
; thewnomeofastablecelllineorclonedmicroorgamsmsuchthatthemsertedreg 

"is operative.^ linked with the endogenous beap73 .-. For example a. 
endogenous bcap73 gene which is normally "transcnpttonally s.lent , ^ ''^^^^^^^^^ 

■ that it is oneratively linked with an endogenous bcap73 gene, usmg 

3, :=r:::::Li,ogof ecom^^^^^^^^^^ 

skill in the art, and described, e.g., m Chappel, U.S. Patent No. 5,/ / , 
No. WO 91/06667, published May 16, 1991. 
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The invention teller provides a recombinant expression vector compnstng a DNA 
nrolecule of .he invention cloned into the expression vector in an antisense onentatton^ That 
is the DNA molecule is operatively linked to a regulatory sequence in a manner wh.ch 
Iws for expression (by transcription of the DNA molecule) of an RNA molecule whtch ts 

5 antisense to bcap73 mRNA. Regulatory sequences operatively linked to a nucloc acd 
cloned in the antisense orientation can be chosen which direct the continuous -P™' 
the antisense RNA molecule in a variety of cel. types, for instance vral promoters and o 
enhancers, or regulatory sequences can be chosen which direct constttuttve, fssue speaf, 
or cell type specific expression of antisense RNA. The antisense expresston vector can be m 

,„ L form of a recombinant plasmid, phagemid or attenuated virus in which ant.sense nuc .c 
acids are produced under the control of a high efficiency regulatory regton dte acttvty of 
which can be determined by the cell type into whtch dte vector is i*"^"-^ . J"" 
discussion of the tegulation of gene expression using antisense genes see We.ntraub. H 
a,.. Antisense RNA as a molecular tool for genetic analysis, Re,ie«s - Trends ,n GeneUcs. 

" " A,!!tht aspect of the invention pertains to host cells into which a bcap73 nueleie 

acid molecule of the invention is intioduced, e.g., a bcap73 nucleic acid molecule wtthm a 
recombinant expression vector or a bcap73 nucleic acid molecule conteimng sequences 
which allow it to homologously recombine into a specific site of the host cell s gen m . 
The tertns "host cell" and -recombinant host cell" are used interchangeably hcretn. It ,s 
understood that such terms refer no. only to tite particular subject cell but to tite proge,^ or 
potential progeny of such a cell. Because certi.in modifications may occur m succeed.ng 
generations due to eititer mutation or environmental influences, such P^^-^ 
L, be identical to the parent cell, but are still included withm ttte scope of the term as used 

A host cell can be any prokaryotic or eukaryotie cell. For example, a bcap73 protein 
can be expressed in bacterial cells such as E. coU. insect cells, yeast or — - ""^ 
(such as Chinese hamster ovary cells (CHO) or COS cells). Other suttable host cells are 

known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotie cells v,a conven.,onal 
^ansformation or transfection techniques. As used herein, the terms "transfomtatton and 
^Ctsfection" are intended to refer to a variety of art-recognized techniques for mtroducng 
foreign nucleic acid (e.g.. DNA) into a host cell, including calcium phosphate or calcum 
chloride co-precipitation. DEAE-dex.ran-mediatedttansfcction,lipofee..on or 

3, electroporatL. Suitable metitods for tiansforming or t^sfecting host eel s can be found tn 
S^ZKe,al(MoiecuU.raonin,:ALa,ora,oryManua,.7nied^C^^^^^ 
Laboratory. Cold Spring Harbor Laboratory Press, Cold Spnng Harbor, NY. 1989). and 

Other laboratory manuals. 
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For stable mms7ec,io„ of mammalian cells, it is known that, depending upon the 
expression veetor and .ransfection technique used, only a small traction ot cells may 

the foreign DNA into their genome. In order to iden.*- and select these tntegrants, 
a gene that encodes a selectable marker (..g., resistance to antttaoues) ts general y 
Xduced into the host cells along with the gene of interest. Preferred selectable markers 
iride those which confer resistance to drugs, such as 041 8, hygromycm and methotrexate. 
K eleic acid encoding a selectable marker can be introduced into a host ce 1 on *e s^ 
vector as that encoding a bcap73 protein or can be introduced on a s^amte ve to . Cells 
lb y .ransfected with the introduced nucleic acid can be .dentified by drug selectton 
cZthat have incorporated the selectable marker gene will survive, whtle the other cells 

A host cell of the invention, such as a prokaryotie or eukaryotic host cell in cutae, 
can be used to produce (i.e.. express) a bcap73 protein. Accordingly, the invention further 
plTdes methods for producing a bcap73 protein using the host cells of the ,nven.,on. In 
Te^m o^iment, the Lhod comprises culturing the host cell of the (mto w^^^^^^^^^ 

recombinant expression vector encoding a bcap73 protein has been mtroduced) > ^>"«W' 
Tarum such tta. a beap73 ptotein is produced. In another embodiment, the method htrthcr 
comprises isolating a bcap73 protein from the medium or the host cell. 

'1 host cells of the invention can also be used to produce non-human transgeme 
animals For example, in one embodiment, a host cell of the invention ts a ferhhzed oocyte 
: r mbryonic stem cell into which bcap73-eoding sequences have been tntrodueedjuch 
host cells can then be used to create non-human transgenic animals m whtch exogenous 
bcap73 sequences have been introduced into their genome or homologous recombman, 
T^ls in which endogenous bcap73 sequences have been alteted. Such antmals are useful 
: yttlthe function and/or activity of a bcap73 and for identifying and/or evaluatmg 
IdulaLs of bcap73 activity. As used herein, a "transgenic anhnal" ts a non-human 
11, preferably a mammal, more preferably a rodent such a. a rat or mouse, m whtch one 
Tmo ; of .he ccL of the animal includes a transgene. Other examples of .ransgeme 
alimals include non-human pnmatcs, sheep, dogs, cows, goats, ch ckens. amplnb.^ ^d 
„ fte like A transgene is exogenous DNA which is integrated into the genome of a cell from 
! ilh a transgcm'c animal develops and which remains in the genome ' 
thereby directing the expression of an encoded gene product m one or more cell types or 
* sueJof the tralgenic animal. As used herein, a "homologous recomb.nan. antmal ,s a 
non-human animal, preferably a mammal, more preferably a mouse, tn whtch ^ 
,5 endogenous bcap73 gene has been altered by homologous recombtnatton between the 
e^oSIus gene J an exogenous DNA molecule introduced into a cell of the antmal. 
an embryonic cell of the animal, prior to development of the animal. 
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A transgenic animal of the invention can be created by introducing a bcap73- 
encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by micromjection, 
retroviral infection, and allowing the oocyte to develop in a pseudopregnant female foster 
animal. The bcap73 cDNA sequence of SEQ ID NO: 1 can be introduced as a transgene 
into the genome of a non-human animal. Alternatively, a non-human homologue of a 
human bcap73 gene, such as a mouse or rat bcap73 gene, can be used as a transgene. 
Alternatively, a bcap73 gene homologue, such as another bcap73 family member, can be 
isolated based on hybridization to the bcap73 cDNA sequences of SEQ ID NO: 1 , or the 

DNA insert of the plasmid deposited with ATCC as Accession Number (described 

further in subsection I above) and used as a transgene. Intronic sequences and 
polyadenylation signals can also be included in the transgene to increase the efficiency of 
expression of the transgene. A tissue-specific regulatory sequence(s) can be oP-ab»y hnked 
to a bcap73 transgene to direct expression of a bcap73 protein to particular cells. Methods 
for generating transgenic animals via embryo manipulation and microinjection, particularly 
animals such as mice, have become conventional in the art and are described, for example, 
in US Patent Nos. 4,736,866 and 4,870,009, both by Leder a/., U.S. Patent No. 
4 873 191 by Wagner et al. and in Hogan, B., Manipulating the Mouse Embryo, (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar methods are 
used for production of other transgenic animals. A transgenic founder animal can be 
identified based upon the presence of a bcap73 transgene in its genome and/or expression of 
bcap73 mRNA in tissues or cells of the animals. A transgenic founder animal can then be 
used to breed additional animals carrying the transgene. Moreover, transgenic animals 
carrying a transgene encoding a bcap73 protein can further be bred to other transgenic 

animals carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains at 
least a portion of a bcap73 gene into which a deletion, addition or substitution has been 
introduced to thereby alter, e.g., functionally disrupt, the bcap73 gene. The bcap73 gene can 
be a bovine gene (e.g., the cDNA of SEQ ID NO: 3), but more preferably, is a non-human 
homologue of a bovine bcap73 gene {e.g., a cDNA isolated by stringent hybridization with 
the nucleotide sequence of SEQ ID NO: 1). For example, a mouse bcap73 gene can be used 
to construct a homologous recombination nucleic acid molecule, e.g., a vector, suitable for 
altering an endogenous bcap73 gene in the mouse genome. In a preferred embodiment, the 
homologous recombination nucleic acid molecule is designed such that, upon homologous 
recombination, the endogenous bcap73 gene is functionally disrupted (/.e., no longer 
5 encodes a functional protein; also referred to as a "knock out" vector). Alternatively, the 
homologous recombination nucleic acid molecule can be designed such that, upon 
homologous recombination, the endogenous bcap73 gene is mutated or otherwise altered but 
still encodes functional protein {e.g., the upstream regulatory region can be altered to 
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homoloSous reco-nblnation nucleic acid molecule and an endogenous bcap73 gene m a cell, 
rrl Lbryonic stem cell. The additional flanking bcap73 nucleic acd sequence ts of 
ufficTentt^gth for successful homologous recombinalion with d,e ^ " . 

T^^ly, sev'era, .ilohases of flanMng DNA (bolh a. the , and 3' e-^^) 

^^^^^^^^^^^ ■ 

animal (e.g., a mouse) to form aggregation chimeras (see ..g., Bradley^A. m 
Tera,ocarcino.<.. and E.i^onic S,en, Cell. A FracUcal ApproacH, ^^^^^^^^^ 
am. Oxford 1987) pp. 113-152). A chimeric embryo can then be rmplanted m» a smtaWe 
pX gl fema'e foster animal and the embryo brought to term. P'-^eny har^nng 
rhloiUiyrecombinedONAinthcir germ cellscanbe used job^ed^^^^^^^^ 

which all cells of the animal contain the homologously recombmed DNA by germane 
r^^ltsio* the transgene. Methods for constructing homologous 

acid molecules, e.g.. vectors, or homologous ^^^^^^^^^ 
Rradlev A (1991) Current Opinion in Biotechnology 2.823-829 and in i 
Bramey, A. vi^^^^ ^ n ^ ^/x,/ • wo 91/01140 by Smithies era/.; 

Publication Nos.: WO 90/11354 by Le Mouellec a/., WO 91/01 14U y 

WO 92/0968 by Zijlstraer«/.; and WO 93/04169 by Bems era/. 

n another embodiment, transgenic non-human animals can be produced which 
contain selected systems which allow for regulated expression of the ~e- ^ne 
Lample of such a system is the creflo.P recombinase sys- ^f bac.^^^^^^^^^ F a 
description of the creflo.P recombinase system, see, e.g., Lakso et al. ^^H^,^; ' 

30 ......... 89:6232-6236. ^-^^^^^^^^ 

recombinase system ofSacctaromj'c£jce«v,5.<ie(0 Gorman a/. (1^^ ) 

ZsTnSl-lBS If a c«/teP recombinase system is used to regulate express-on of th 

1.1 331 „„j;„„ hnih the Crc recombinase and a selected 

transgene, animals containing transgenes encodmg both the ere rec 
1,1 a.; required. Such animals can be provided through the construcon of doub e 

C :l animals, e.g., by mating two tmnsgenic ammals, one ^^^'^-'^H^^^X^ 
encoding a selected protein and the other containing a transgene encoding a r=combu«.se^ 
" clones of thrnon-human transgenic animus described herein ^^^^^^^^'^^^ 
according to the methods described in Wilmu, I. e, al. (1997) Na,ure 385.810-813 and 
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International Publication Nos. WO 97/07668 and WO 97/07669. In brief a cell, e.g^ a 
sltic cell, fro. the transgenic animal can be isolated^d ^^^^^ 
and enter Go phase. The quiescent cell can then be fused, e.g., through the 
pulses to an enucleated oocyte from an animal of the same species from which the 
3 Tu sL cell .s isolated. The reconstructed oocyte is then cultured such that U develops to 
Irula or blastocyte and then transfe^ed to pseudopregnant female foster an.mal. The 
Zlg borne of this female foster animal will be a clone of the animal from which the 
cell, e.g., the somatic cell, is isolated. 

10 IV PHprmnceutic al Compositions 

'^^-Ti;;^^;^?;;^;;!^"!^^^^ fragments of bcap73 proteins, and >mt,-bcap73 
anfbodies (also referred to herein as "active cotnpounds") of the invemion can be 
incorporated into pharmaceutical compositions suitable for ^"f ^ 

compositions typically comprise the nucleic acid molecule, protetn or -..body -d a 
,5 phalceutically acceptable carrier. As used herein the language "pharmaceuucall 
cccptablc carrier" is intended to include any and all solvents, disperston med^. oa m 
antibacterial and »rti&ngal agents, isotonic and absorpuon delaying agents and the hke, 
compatible with pharmaceutical admmistration. The use of such medta and agents for 
pharmaeeutically active substances is well known in the art. Except '"-f- ^ ^ 
20 conventional media or agent is incompatible with the active compound use thereof tn the 
compositions is contemplated. Supplementary active compounds can also be tncorporated 

cal composition of the invention is formulated to be compatible with 
its intended route of administration. Examples of routes of administration tnclude 
25 p renteral, e..., intravenous, intradermal, subcutaneous, oral (e.g.. inhalatton). t^sdermal 
(topical) transmucosal, and rectal administration. Solutions or suspenstons used for 
plnteM intradermal, or subcutaneous applicadon can include the foUowtng componen s. 
al" fdi luen. such as water for injection, saline solution, fixed oils, polyethylene glycols, 
!,y rine propylene glycol or other syntheUc solvents; antibacterial agents such as b=.r.yl 
30 meM parabens., anUoxidants such as ascorbic acid or sodium bisulfite; chelattng 

agents such as ethylencdiaminetetraacetic acid; buffers such as acetates ctrates o 
phosphates and agents for the adjustment of tonicity such as sodtum ^'-^^ 
pH can be adjusted with acids or bases, such as hydrochloric acid or sodtum Mr-d. The 
parenter^ preparation can be enclosed in ampoules, disposable syringes or multtple dose 

^ s vials made of glass or plastic. 

Pha Jceutical compositions suitable for injectable use include stertle aqueous 
solutions (Where water soluble) or dispersions and sterile powders for the 
preparation of sterile injectable solutions or dispersion. For inttavenous admtmsttatton. 
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sutable earners include physiological saline. bac,eri„s.a,ic water, Cremophor EL (B ASF, 
Parsippany, NJ) or phosphate buffered saline (PBS). In all eases, the composmon must be 

e and houM be fluid to the extent that easy syringability exists. 1, must be stable under 
L conditions of manufacture and storage and must be preserved against the contamtnattng 
action of microorganisms such as bacteria and firngi. The carrier can be a solvent or 
dispersion medium containing, for example, water, ethanol. polyol (for example, glycerol, 
propylene glycol, and liquid polyetheylene glycol, and the like), and smtable mrxtures 
7Zt The proper fluidity can be maintained, for example, by the use of a coattng such as 
ecid^in, by the maintenance of the required particle si^ in the ease of disperston and by , e 
use of s Jactants. Prevention of the action of microorganisms can be achreved y vano 
antibacterial and antifungal agents, for example, parabens, ehlorobutano phenol, ascorb.c 
acid, thimerosal. and the like. In many cases, tt will be preferable to mCude tso^mc agents, 
for example, sugars, polyalcohoU such as manitol, sorbitol, sodium chlonde m the 
composition. Prolonged absorption of the injectable compositions can be brought about by 
including in the composition an agent which delays absorption, for example, alummum 

monostearate and gelatin. . 

sterile injectable solutions can be prepared by incorporating the active compound 
(e g a fragmem of a bcap73 protein or an a„ti.bcap73 antibody) in the required amount m 
an appropriate solvent with one or a combination of ingredients enumerated above, as 
required, followed by Altered sterilization. Generally, dispersions are prepared by 
incorporating the active compound into a sterile vehicle which contains a baste drsperston 
medium and the required other ingredients from those enumerated above. °' 
sterile powders for the preparation of sterile injectable solutions, the preferred me hods of 
preparation are vacuum drying and freeze-drying which yields a powder of the acttv 
ingLiem plus any additional desired ingredient from a previously stenle-filtered solutton 

*"^' oral compositions generally include an inert diluent or an edible carrier. They can 
be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated wtth excptents and 

, used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the flurd cam r ,s 
applied orally and swished and expectorated or swallowed. PharmaceuUcally compatrble 
btading agents, and/or adjuvant materials can be included as part of the composttton. The 
tablets piHs, capsules, troches and the like can contain any of the foUowtng tngredtents, or 

. compols of a similar nature: a binder such as microerystalline cellulose, gum tragacanth 
or gelatin; an excipient such as sta^h or lactose, a disintegrating agent such as a^gm.c acd, 
Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes; a ghdan. such 
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as colloidal silicon dioxide; a sweetening agen, such as suc»se or saccharin; or a flavoring 
aaent such as peppermint, methyl salicylate, or orange flavonng. 
' For administration by inhalation, the compounds are dehvered *e ^0-^^^^^^^ 
aerosol spray from pressured container or dispenser which conuuns a suttable propellant, 
cz a gas such as carbon dioxide, or a nebuhzer. 

Systemic administration can also be by transmucosal or transdermal means. For 
rransmucosal or transdermal administration, penetrants appropriate to the bamer to be 
ZIZL used in the formulation. Such penetrants are generally known ,n «.e a«, » 
ZZ^Ior exantple, for transmucosal administration, detergents, bile salts, and fits.d.c acd 
eta ;v!l TranLcosal administration can be accomplished through the use of nasa, 
p" ys or suppositories. For transdermal administration, the active compounds are 
Zlatcd il oinuuents, salves, gels, or creams as generally known m t^e art^ 

The compounds can also be prepared in the form of suppos.tortes (..g., w th 
conventional suppository ba.s such as cocoa butter and other glycer.des) or retentton 

^"^"^"b~t,.cactivecompounds are prepared withcarrie.^ 

Err x==— - 

obtained commercia J ,.j ,„ i„f,cted cells with monoclonal antibodies to 

suspensions (including liposomes targeted to infected cells wim ^^ 

viral antigens) can also be used as pharmacentically acceptable carriers. These c^ be 
. pl^:::; — g to mchoas known to those skilled in the art, for example, as described 

"i* ad!lgeous to formulate oral or parenteral compositions in dosage 
nnit for!i L ease of administration and uniformity of dosage. fomr ^ used 

h i refers to physically discrete units suited as unitary dosages for the subject to be 
3„ ' eld each un' containing a predetermined quantity of active compound calculated to 
;:tce the desired therapeutic effect in association with the required 
Lier The specification for the dosage unit forms of the invention are dicUited by and 
dlTct^ ^pendent on the unique characteristics of the active compound the pa„ict.ar 
n:!!lutic effect to be achieved, and the limitations inherent in the art of compounding 

" -^^:r:r::::r— :™-scanbed.^^^^^^ 

. pharmalrca'procedur.. in cell cultures or experimental animals, e.g., for deteirnimng the 
'"doseUal to 50% of the population) and the ED50 (the dose therapeutically 
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effecUve . 50% of .he populaUo-,. The dose raUo t^r^lt^ 

.He inde. and i. ca„ .e ^P^^^^^ "Z^^^^^^^^^ ^ .„.e side 

exhibit large therapeutic indices are preferred. While compoiu 

rells and thereby, reduce Side effects. 

The da,a obtained ftom *e cell cuUure assays and anima, s.ud,es can be us d n 

' t rThedosag! may vary within this range depending upon *e dosage fc 

t y A dose may be fomrulated in animal models ,o achieve a circulattng plasma 
assays. A dose y concentration of the test compound 

Asdelineane f 3^ body weight, preferably about 

'-'"t::r;:d~::sub.c.is.reated„i.h.^^^^^^ 

become apparent from the results of diagnostic assays as descnbed herem. 
3, The present invention encompasses agents which modulate expresston or a trnty. 

Anagentm:y,fore.ample,beas^llmo,ee„.— 

::^i::r::;^^^^^^ 
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inorganic compounds (i.e,. including heteroorganic and organometallic compounds) having 
a molecular weight less than about 10,000 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 5,000 grams per mole, organic or morgamc 
compounds having a molecular weight less than about 1 ,000 grams per mole, organic or 
inorganic compounds having a molecular weight less than about 500 grams per mole, and 
salts, esters, and other pharmaceutically acceptable forms of such compounds. It is 
understood that appropriate doses of small molecule agents depends upon a number of 
factors within the ken of the ordinarily skilled physician, veterinarian, or researcher. The 
dose(s) of the small molecule will vary, for example, depending upon the identity, size, and 
condition of the subject or sample being treated, further depending upon the route by which 
the composition is to be administered, if applicable, and the effect which the practitioner 
desires the small molecule to have upon the nucleic acid or polypeptide of the invention. 

Exemplary doses include milligram or microgram amounts of the small molecule per 
kilogram of subject or sample weight (e.g., about 1 microgram per kilogram to about 500 
milligrams per kilogram, about 100 micrograms per kilogram to about 5 milligrams per 
kilogram, or about 1 microgram per kilogram to about 50 micrograms per kilogram. It is 
furthermore understood that appropriate doses of a small molecule depend upon the potency 
of the small molecule with respect to the expression or activity to be modulated. Such 
appropriate doses may be determined using the assays described herein. When one or more 
of these small molecules is to be administered to an animal (e.g., a human) m order to 
modulate expression or activity of a polypeptide or nucleic acid of the invention, a 
physician, veterinarian, or researcher may, for example, prescribe a relatively low dose at 
first subsequently increasing the dose until an appropriate response is obtained In addition, 
it is understood that the specific dose level for any particular animal subject will depend 
upon a variety of factors including the activity of the specific compound employed, the age, 
body weight, general health, gender, and diet of the subject, the time of administration, the 
route of administration, the rate of excretion, any drug combination, and the degree of 
expression or activity to be modulated. 

Further, an antibody (or fragment thereof) may be conjugated to a therapeutic moiety 
) such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin or cytotoxic 
agent includes any agent that is detrimental to cells. Examples include taxol, cytochalasm 
B gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincnstine, 
vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, 
mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, 
5 lidocaine, propranolol, and puromycin and analogs or homologs thereof Therapeutic agents 
include but are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopunne, 6- 
thioguanine, cytarabine, 5-fluorouracil decarbazine), alkylating agents {e.g., 
mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) and lomustine 
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(CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin m.tomycm C, and 
cis-dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclines (e.g., daunorub.cm 
(formerly daunomycin) and doxorubicin), antibiotics (e.g., dactinomycm (formerly 
iromycin), bleomycin, mithramycin, and anthramycin (AMC)), and ant.-mUot.c agents 

s (e2 vincristine and vinblastine). , . , • , 

The conjugates of the invention can be used for modifying a gtven b.olog.cal 
response the drig moiety is not to be construed as limited to classical chemtcal therapeuttc 
ZZ. For exan^ple, Ute drug moiety may be a protein or polypeptide possessmg a des,„d 
bLgica, activity. Such proteins may include, for example, a tox.n such as abnn. nc.n A 

.„ pseuLonas exotoxin, or diphtheria toxin; a protein such as tumor necrosts factor .Ipha.- 

Lrferon be.a.-interfero„. nerve growth factor, platelet derived growth factor hssue 

X— activator; or. biological response modifiers such as, for example, lymphoRmes, 

interleukin-1 ("IL-l"), interleuki„-2 ("IL-2"), interleukin-6 ("IL-6-), granulocyte 
inteneuxm t , , ,„w»r,M rSF"l aranulocyte colony stimulatmg factor 

macrophase colony stimulating factor ( GM-Cbf ), granuio^j 

1 s r"G-CSF"), or other growth factors. 

' rlhniques for conjugating such therapeutic moiety to antibodies^e well l^ow^ 
see e g Amon e, al. "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer 
T^ap;-, in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds, pp^ 2 -56 
R. Liss, inc. 1985); Hellstrom ct al, "Antibodies For Drug Delive^". m Control ed 

,0 Drug Delivery (2nd Ed.). Robinson et al. (eds.), pp. 623-53 (Marcel Dekker. Inc 19S7). 
ThoL -Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review n 

Ltl ona, Antibodies '84; Biological And Clinical Applications. Pinchcra « al. (edsO. PP- 
475-506 (1985); "Analysis. Results, And Future Prospective Of The Therapeutic Use Of 
Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For C^cer 
2S Detection And THerapy, Baldwin et al. (eds.), pp. 303-16 (Academic Press »d 

Thorpe et al "The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates . 
Z^nol R v.. 62:1 .9-58 (1982). Alternatively, an antibody can be conjugated to a second 
riy to form an antibody heteroconjugate as described by Sega, in U.S. Patent No. 

30 nucleic acid molecules of the invention can be inserted into veeton and used as 

gene the^py vectors. Gene therapy vectors can be delive^d to a subject by, — ; 
Ivcnous injection, local administration (see U.S. Paten, 5,328,470), stcreotac ic injection 
(1 e.s.. Chen e, a,. (.994) Proc. Na,,. Acoi. Sc, USA 91 :3054-3057), or by balloon 
catheter in conjunction with angioplasty. The phannaceutical preparation of the gene 
„ hlpy vector can mclude the gene therapy vector in an acceptable diluent, or can comprise 
!Z release matrix in which the gene delivery vehicle is imbedded. Alternatively, where 
the complete gene delivery vector can be produced intact fix-m recombinant cells, e.g 
retroviral vectors, the pharmaceutical preparation can include one or more cells which 
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produce the gene delivery system. Cells types which can be modified for gene therapy 
purposes include hematopoietic stem cells, myoblasts, hepatocytes, lymphocytes, skm 
epLium and airway epithelium. For fixrther descriptions of cell types, ^^^^'^^^^'^ 
for gene therapy see e.g., Wilson, J.M et al. (1988) Proc. Natl. Acad. Sc. ^^^ 85-30 4- 
3018; Annentano, D. et al. (1990) Proc. Natl. Acad. Sc, USA ^"^^ ' 7^^^' ^^^^ 

al. (1990) science 247:1465-1468; Chowdhury, J.R. et al. (1991) Science ^^^^^ 
Ferry, N. et al. (1991) Proc. Natl. Acad. Sci. USA 88:8377-8381 ; WUson J-M et aL (1992) 
J Biol Chem. 267:963-967; Quantin, B. et al. (1992) Proc. Natl. Acad Scu USA 89^581- 
2584; Dai, Y. e"^. (1992) Proc. Natl. Acad Sci. USA 89:10892-10895; -n Beusechem 
V W et al (1992) Proc. Natl. Acad Sci. USA SJ;.! 640-1 644; Rosenfeld, M.A. et al. (1992) 
Cell 68-143-155; Kay, M.A. et al. (1992) Human Gene Therapy 3:641-647; Cristiano, R J. 
et al.Tl993) Proc. Natl. Acad Sci. USA 90:2122-2126; Hwu, P. et al. 0^93) .^ —^ 
150:4104-41 15; and Herz, J. and Gerard, R.D. (1993) Proc. Natl. Acad Sc. USA 90.2812- 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

V Uses an d Methods of the Invention ^ u ^ 

^j;;;;;^eacidmolecules,^oteins, protein homologues, and antibodies described 

herein can be used in one or more of the following methods: a) screening assays; b) 
predictive medicine (e.g., diagnostic assays, prognostic assays, monitoring climca trials, 
Ld pharmacogenetics); and c) methods of treatment (e.g., therapeutic and prophylactic). As 
described herein, a bcap73 protein of the invention has one or more of the following 
activities: (1) it interacts with a non-bcap73 protein molecule, e.g., a bcap73 substrate, such 
; as an actin molecule or an ezrin molecule; (2) it is involved with intracellular distribution 
and activity of actin; (3) it is involved in regulating changes in cytoskeletal structure; (4) it 
in involved with mechanisms of cell motility; and (5) it is involved with mechamsms of 
response to tissue damage and repair of tissue damage, and, thus, can be used to, for 
example, (1) interact with a non-bcap73 protein molecule, e.g., a bcap73 substrate, such as 
0 an actin molecule or an ezrin molecule; (2) affect intracellular distribution and activity of 
actin- (3) regulate changes in cytoskeletal structure; (4) affect mechanisms of cell motility; 
and (5) affect mechanisms of response to tissue damage and repair of tissue damage 

The isolated nucleic acid molecules of the invention can be.used, for example, to 
express bcap73 protein (e.g., via a recombinant expression vector in a host cell m gene 
55 therapy applications), to detect bcap73 mRNA (e.g., in a biological sample) or a genetic 
alterrtL in a bcap73 gene, and to modulate bcap73 activity, as described further below. 
The bcap73 proteins can be used to treat disorders characterized by insufficient or excessive 
production of a bcap73 substrate or production of bcap73 inhibitors. In addition, the bcap73 
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or compounds which modulate "-P^S acm^- « 3 p„„i„ 

tasufBciem or excessive producnon of bcap73 prc.em or P 

forms which have decrc^, ^ ^^^^^^^ ^i-'O- 

protein (..«., cell motthty disorders. 'V ^.bodies of the 

— :r:=dr;:er.P..ei.,re..^^^ 

bcap73 proteins, and modulate bcap73 activity. 

A. Sseenin&Asffi: ^ ^ „^^,,„i„j ^^y-, for 

The invention provides ^^^^ '■^^^'^ peptides, 

substrate. . ^preenins candidate or test 

,„ one embodiment, the ^'^^'^^" ^^^ or Molo^cally active 
compounds which are substrates o a lcap^ ^ ^^provTdes assays for screening 
portion thereof. In another embodimen , the J of a bcap73 protein or 

. candidate or test compounds which bind to or moduta. Oie c^i^^ ^ 

polypeptide or biologically active portion thereof ^^^^ ,„„M„a,orial library 
nvention can be obtained using any of die numerous ^W^™*"" ^^^^^^^^^ p^,„„ ,olid 
„e*ods known in the art. including: biological '"J^';^^.; ^econvoW^^^ the 

p^ase or solution phase libraries; 'y^'^'^^^Z^^L^ ^ffi* 
,5 .one-bead one-compound' library method; and synthe. ^ hb^ ry ^^^^^ 
chromatography selection. The biological library ^^^^^ '^^ J l^^^ ^ 
^Mlethe other fo^approachesareappl^abletop^^^^^^^^^ 

molecule libraries of compo^n s '^■^^^^o^^^^^ Ubtaries can be found in the art. 
Examples of mediod fo the sy ^ ^, 

30 for example m; DeWitt e, a,. ^993 ? - ^^^^^ j cHe„. 

(1994) Froc. Na,l Acad. Sc. USA 9' ' '*22 ^^^^ 
37:2678; Cho (1993) Science 26. ^1303, CarreU e,aU ) ? ^^^^^^ 
Engl. 33:2059; CarelUr a/. {1994)^«gw. Cto. W. M Engl, 
al. (1994) J. M«rf. Chem. 37:1233. Houghten (1992) 

Libraries of compounds may ^ <^^-2t^\;^Zt£:^2J). chips (Fodor 
Bio,ecHn„ues .3:412-421). or on beads (Lam „sP '409), 

(i993) Na,ure 364:555-556), bacteria (La^er "^P 5.^2 .40% P ( 
plasmids(CuU«»U1992)P™cAf<,ri^c<.</&. 1/&4 89.1865 
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smith (.990) Scie.ce 249:386-390); (Devlin (1990) Science 2,9:^m);^«i.^ e,aL 
(,990)^ Jwl Acad. Sci. 87:6378-6382); (Felici (1991)^. Mol B.ol. 222:301-310), 

''^'Tribodi^en,, an assay is a cell-based assay in which a cell which expresses a 
..,73p™.e.„o.io«ac.ve.«»n.^^^^^^^^^ 

m^lring for example, inttacellular calcium, IP3, or d.acylglycerol concen,ra.,on, 
ZXLon profUe of imracellular p,o.ins, cell proliferation and/or m.gra„on, or Ure 
of an bcap73-regula.ed transcription factor. The cell, for example, can be of 

mammalian origin. ..g.. an „ y„,i„, ,„ , substrate or to bind 

The ability of the test compound to modulate Dcap / j on b 
to bcap73 cl i: he determined. Determining the ability of the test compound to modulate 

the ability of a test compound to modulate bcap73 b.ndmg to ^ ^"P" — 
„„1.x Determiningtheabilityofthetestcompoundtobindbcap73oanbe 

Zm;;~lp.e,byc:up,ingthecomp 

label such that bindrng of the compound u, bcap73 can be determ, by ~ 
„cap73com.^^^^^ 

ie, abcap73subs.rate)tointeractwi,hbcap73wi.houtthelabel,ngofanyofthe 

wZa ce acidiftes i,!environmen, using a light-addressable potenttometrtc senso 

"~i:r— ranassayisacell-basedassaycomprisingcontacting^ 
expressing a bcap73 target molecule (...., a bcap73 substrate) with a test compound and 
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detennining .he ability of tt>e test eotnpound to modulate (e.g., stimulate or inhibit) Ute 
! ivity of L bcap73 target molecule. Determining the ability of the test compound to 
:lla.e the activity of a bcap73 target molecule can be accomplishe , or exatnpl^by 
Lrmining the ability of the bcap73 protein to bind to or interact wrth the bcap73 target 

■""'""Determining the ability of the bcap73 protein or a biologically active fragtnent 
ttrereof, to bind to or interact with a bcap73 U.get molecule can be accomphshed by o« of 
he methods described above for determining direct binding. In a preferre^i errrbodu^nt. 
determining the ability of the bcap73 protein to bind to or interact w,th a " 
molecule can be accomplished by determining the activity of the target -olecule. For 
Example the activity of the target molecule can be determined by detectmg ° 

Zar ;econd mesLger of the target ,.e., intracellular Ca^, diacylglycerol. P and he 
«ke). detecting catalytic/enzymatic activ.ty of the targe, an approprtate substrate. detect,ng 
4e Lcion of a reporrer gene (comprising a .arget-respons.ve regulatory element 
operatively linked to a nucleic acid encoding a detectable marker, e.g.. lucferase), 
detecting a target-regulated cellular response. „ „n free assay in 

In yet another embodiment, an assay of the present mvenuon ts a cell-free assay 
which a bcap73 protein or biologically active portion thereof is contacted with a tes. 
Impound L the ability of the test compound to bind to the bcap73 P™-" o«^ly 
active portion thereof is determined. Preferred biologically actwe portions of the bcap7 3 
; .: „r» be used m assays of the present invention include fiagments which p^-c^ate m 
interactions with no„-bcap73 molecules, fragments with high surface probabd 
scores Binding of the test compound to the bcap73 protein can be determmed ether 
7Z or indi ectly as described above. In a preferred embodiment, the assay .ncludes 

ntlg the bcap73 protein or biologically active portion thereof with a kno™, compound 
wT^h bi!ds bcap73 to form an asaay mixture, contacting the assay mixture wrth a e t 
compound, and determining the ability of the test compound to interact wrth a bcap73 
protein, wherein determining the ability of the test compound to mterac, w,th a bcap73 
protein comprises determinmg the ability of the test compound to preferennally b,nd to 
bcap73 or biologically active portion thereof as compared to the known — 

In another embodiment, the assay is a cell-free assay .n whtch a bcap73 pr«em or 
biologically active portion thereof is contacted with a test compound and the abrhty of the 
compound to modulate (e.g., stimulate or inhibit, the activity of *e heap 3 pro em or 
biologically active portion thereof is determined. Determining the ab.hty of the test 
Ipound to modulate the activity of a bcap73 protein can be accomphshed, or examp^ 
by d termining the ability of the bcap73 protein to bind to a bcap73 "^et — ^ 
of the methods described above for determining direct binding. Determtmng the abrl, y of 
,he bcap73 protein to bind to a bcap73 targe, molecule c» also be accomphsh«i us.ng a 
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S,ruc, Biol. 5:699-705. As used her^ n, BIA s a ec gy ^^^^^^ 
i„.e,ac,io,>s in real .ime. without labehng any "''^l^'^^^^'^^ as an indication of 
the optical pltenomenon of surface plastnon resonance (SPR) can be 
real-time reactions between biological molecules. 
..alternativeembodimen^^^^^^^^^ 

::rrr:f:r^^^^^^ 

as previously described. contacting a bcap73 protein 

in yet another wHch binds the bcap73 

or biologically active portion thereof ^^^^J^s^y mixture with a test compound, and 

protein to form an assay mixture, contactmg the assay mi 

• • cWHtvofthe test compound to mteract with the bcap/3proxe , 

determining the ability ottnetesicu p ^xHth the bcaoTS protein comprises 

i, may b. desirable to immob.hze either bcap73 ^ 
ofcomplcxedfromuncomp— o^^^^^^^^^^^ 
accommodate automation of the assay. Bmmng 

tateraclon of a bcap73 protein with ^^^^ containing the 

,5 candidate compound, can be accomphshed m any vessel s„ 

reactants. Examples of such vessels include ™- ■<« J^'^^' "^^^^'^.i,, ^dds a domain 
centrifuge tubes. In one embodiment, a ftts.on protem ^^^^'^ ''^^ 
.Hat allows one or both of the proteins to ^^""'^^ ^^JZ ^J,^; ^„,ins can be 
transferase/ bcap73 fusion proteins or ^^-'^'^■^'-^X "itZnis MO) or glutathione 

30 adsorbed onto glutathione sepharose beads ^^'^'-^2;'-^l:Zlli or .he test 
derivatized microtitre plates, which are then 1, .^e mixture 

compound and e.ther *e non-adsorbed target P— ;;t;;siological 
incubated under conditions conducve to cotnp^cx t— /^^^ J,.^ „e 

binding or activity determined using standard techniques. 
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serening assays of .he invention. For '^^^'^'^''^'^.^J^^^^^^ Bio.inyla«d 
molecule can be inunobilized utilizing -"'"^^^/^torn^^ (N-hyd-y- 
,eap73p.o,einottatgetn.o,ecuies^^ .^^^^^^ 

succinimide) using tecltntques toov^ m *e ^ „ „eli plates (Pierce 

Rockford, ID, and immobilized m the wells of s„ep««d ^^^^^^^ 

Chemical). A—ly anti^^^^ 

™.ieh do not interfere " ^ „^ ^^^,3 p,„,,„ .^pped in the 

derivatized to the wells of the plate and complexes, in addition to those 

or protein in the cell ts determmcd. The level P „f ^^^^sion of bcap73 

Ure presence of the candidate compound ,s ^2:^^^:^^^^ compound can 
„RN A or protein in the absence of the ^ „ 

, thenbeidentirtedasamodula^ob^^^^^^ 

=T;\t;2rof ttrl~-a than ,n its ab^nce, the candidate 
greater) in the presence oi III „7:i niRN A or protein expression, 

compound is identified as a stimulator of bcap73 m P ^.^^.^^^^^^ 

Alternatively, when expressron of bcap73 « ^^^^^e compound 

, less) in the presence of the candidate compound - ■ -^s ' 
.iden.ifiedasa„.nhibt.orof-p73^^^^^^ 
mRN A or ptotem expression m the cens car. 

detecting bcap73mRNA or protein. .,,„73 oroteins can be used as "bait 

,„ ,et another aspect of the f ^^-^^^^"/"fu.s. Patent No. 5,283,3,7; 
30 proteins" in a two-hybrid assay or three-hyhrtd assay C^e.^^^^^^^ 268:12046.12054; 
Lrvose,..(l993)«n2;223.232 Madura.^^^^^^^ 

Baitel el al. (1993) B,<.«to.«««s 14.920 924, 
,6,6;andB,entWO94n 0300),t„;den«yo^^^^^^^ 

bcap73 ("bcap73.bind,ng protems or be p73 bp ^^^^^^ ^.^^^^^ 

33 such bcap73.binding proems 



bcap73 inhibitors. 
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The two-hybrid system is b.sed on Ute modular nature of most '^r^' 
° J, DMA bindins and activation domains. Briefly, the assay utilizes 

which consist of separable DNA-binding ana 

„. niMA constructs In one construct, the gene that codes tor a neap/ j p 
two different con^«- ^^^^ transcription factor (e g.. 

fused to a gene encoding the DNADinamg ,;K„„„fDNA sequences, that 

GAL-4) In the other construct, a DNA sequence, from a library of DNA sequ , 
OAL4). m „i„rwev" or "sample") is fused to a gene that codes for the 

encodes an unidentified protein ( prey or samp ) ^^^.^^ 
activation domain of the known transcription fac or If the J" f^^^^^ 
able to interact, In v/vo, forming a bcap73-dependent complex, the DNA binding 
:L«on domains of the transcription factor are ^<^^:^X^, .„ , 
proximity allows transcription "^^'^'^l^;;^^^^^^^, L^ressiJn of the 

— 'tc^trecrriru—— 

"ICi:, the invention pertains to a combination of two or more of the 

. . ■ ^ ir, animal such as an animal model tor a 
nrotein can be confirmed in vivo, e.g., m an animai, sucii a 

r liar disorder . g a model of cardiac myocyte hypertrophy or a model for 

cardiovascular disoraer, e.g., ^ . , ^ i ^o.. ^nplnde one for ansiogenesis 

:ur=t:^:~^^^^ 

*^-^"«:;::n::orZtUs.o novel agents identiHedby the abo^^^^^^^^^^ 

screeninTlys. Accordingly, it is within the scope ^Y-^rV;, ex^rragen. 
..entidentifledasdescribedhereinin.a^^^^^^^^^^^^ 

identified as described herem (e.g., a bcap73 . i„ an 

acid molecule, a bcap73-specific antibody, or a b-p73-bindmg p^«^ 
animal model to determine the efficacy, toxicity, or side — ^ 
agent. Alternatively, an agem identified a. ^-"^J;';':Zl:'ZZLo. pertains 

described herein. 



30 



35 



B. D etection Assays . / j .u^ 



Attorney i^et No.: TUI-OOICP 



-54- ^ 



identification of a biological sample. I hese appn 



below. 

1 ■ Chromosome Mapping 



(preferably 1 5-25 bp m length) ^^^^ ^^^^ 

sequences will yield an amplified fragment. from differenl mammals 

somatic cell hybnds are prepared by fusmg ^'^^^Z^oZ^ divide, .hey 
,0 (.g., human and mouse cells). As ^y^'^^f^~lZ^^c Zs. chromosomes, 
gradually lose human chromosomes in random orde^ bu. *^ ^ 
ly using media in which mouse cells canno. ^'^-■^^-^^^^Z^^^, J 
bu, human cells .he one human chromosome A^'^ 'ltVf hybrid cell lines can be 
needed enzyme, will be re.ained. By using var,ous .P;"^^^ , 
. es.ab,ished. Bach celUine in a pane, covins « 

number ofhuman chromosomes, and a Ml se.ot mouse c „„;.(1983) 

risorscJIbeproducedbyusinghumanchromosomeswt*— ons- 



30 deletions. 



"pCR mapping of soma.ic cell hybrids is a rapid procedure for assigning a parttcular 
sequence 1 plular chromosome. Three or more sequences can be ass.gned per day 
sequence a p nucleotide sequences .o destgn 

using a smgle.hermal cycler. Usmg me v ,^ „anels of fragments from 

oligonucleotide primers, sublocalizarion can be achtev^ ™* ° J^, , 
« specific chromosomes. Other mapping strategtes whch can ^j';,^ p^n/y. « 

l^apBsequencetoitschromos— 
(1990) P^c. War/. Acad. Sc. 87.6223-27), pre sere g 
chromosomes, and pre-seleCion by hybridizatton to chromosome spectfic cD 
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Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 
chromosomal spread can further be used to provide a precise chromosomal location m one 
step Chromosome spreads can be made using cells whose division has been blocked m 
metaphase by a chemical such as colcemid that disrupts the mitotic spmdle. The 
chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A pattern 
of light and dark bands develops on each chromosome, so that the chromosomes can be 
identified individually. The FISH technique can be used with a DNA sequence as short as 
500 or 600 bases. However, clones larger than 1 ,000 bases have a higher hkehhood of 
binding to a unique chromosomal location with sufficient signal intensity for sxmple 
detection. Preferably 1,000 bases, and more preferably 2,000 bases will suffice to get good 
results at a reasonable amount of time. For a review of this technique, see Verma et a 
Human Chromosomes: A Manual of Basic Techniques (Pergamon Press, New York 1988). 

Reagents for chromosome mapping can be used individually to mark a smgle 
chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents correspondmg to noncodmg 
regions of the genes actually are preferred for mapping purposes. Coding sequences are 
more likely to be conserved within gene families, thus increasing the chance of cross 
hybridizations during chromosomal mapping. ... 
Once a sequence has been mapped to a precise chromosomal location, the physical 
.0 position of the sequence on the chromosome can be correlated with genetic map dat. (Such 
data are found, for example, in V . McKusick, Mendelian Inheritance m Man, avaxlab e on- 
line through Johns Hopkins University Welch Medical Library). The relationship beUveen a 
1 and Lisease, mapped to the same chromosomal region, can then be identified through 

linkage analysis (co-inheritance of physically adjacent genes), described in, for example, 
Egeland, J. (1987) A^«/Mre. 325:783-787. .n^ 
Moreover, differences in the DNA sequences between individuals affected and 
unaffected with a disease associated with the bcap73 gene, can be determined. If a mutation 
is observed in some or all of the affected individuals but not in any unaffected individuals, 
then the mutation is likely to be the causative agent of the particular disease. Comparison of 
30 affected and unaffected individuals generally involves first looking for structural alterations 
in the chromosomes, such as deletions or translocations that are visible from chromosome 
spreads or detectable using PGR based on that DNA sequence. Ultimately, complete 
sequencing of genes from several individuals can be performed to confirm the presence of a 
mutation and to distinguish mutations firom polymorphisms. 
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?-l!23£lffi!!S „,ed to identify 

The bcap73 sequences of the present tn^ ^^^^^ ^^^p,^ 

individuals from minute 7, p„,y„„,hism (RFLP) for identification 

considering the use of restnct.on fragment length f „e or 

ofi..personne,..nthistech.ti,uean.nd,v,d.^^^^^^^ 

„ore restriction enzymes, and probed on a ^-^^^^ ^' J „f „o„. Tags" 

identificatton. t:::^^ i^;! r^entification dtffi^^^^^ The 

:rsrfr;:r:— 1."— ^ 

' ^^^^"orrr^rofthepresentin^^^^^^^^^ 
..ernativetechniquewluchdctermine— ^ 

portions of an J^J, ^ L ' ^d y ends of the sequences. These 

can be used to prepare two PCR pnmers iro subsequently sequence it. 

, primerscandtenbeusedtoamph^-— 
Panels of corresponding DNA sequences 
..provideuniquetn.— 

::r:rn3r— sequencesf^m^^^^^^^ 

,0 bcap73 nucleotide sequences of the ^"^'^'^-^^^^^^^ZZ^^ o^hese sequences, 
genome. Allelic variaUon occurs to some degree » f * ^^,„,„„ 

and to a greater degree in the — "^^^J ™ per each 500 bases. Each 
between individual humans occurs w,th a frequency ^^^^ ^^^^ 

of the sequences described herem can, «> 7=.^=^^;^^^ Because greater 

„ DNA from an individual can be compared f°"— ^ necessary 
numbers of polymotphisms occur m '"""ncodtng «g.on^ fe ^ _ 

,0 differentiate individuals. The ,„ to 1,000 primers which 

p.ovide posttive individual ■^^"'f^^^^''-^'^/^^^^ "^"^ ' 

each yield a noncoding amphfied sequence of lOO ba^J^ P 
30 suchasthatofSEQlDNO-.3areused,amoreappropr.atenumb 

individual identification would be 500-2,000. described herein is used to 

,f a panel of reagents from bcap73 ""''^'^^'"'''^^1^^ ,,^,nts can later be 
generate a unique identification " — "X.^ database. 
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LU-maM^SaEZl^^ Forensic 
DN A-based identification teclmtques can also be us^ ^ 

«„gy is a scienUfc fie.d etnpioying genettc '^'P'^!":! crime. To ,na.e 
scene as a means tor positively identtfytng, for f^i,^^ ,^en from 

• c r»rT? tprhnoloev caii be used to ampuiy ^ m 

5 such an identtflcatton. ^ ^^^^ „ ,kin. or body fluids. e.g., blood, 

very small biological samples such as hssues. e^^ ^ ^ ^^^^^ ^ 

saliva, or semen found at a cnme scene. ^ 

standard, thereby allowing identificatton o the on^n J ,„„„„oleotide 

T.e *^ Tc genie, which can 

,„ .agents. .... l-^^"^';;';^:^]^:! identifications by. for cample, providing 
enhance the reliability of DMA base „™ence that is unique to a particular 

mother "identification marker- <' ^ ^^^^r ^^^^^^^^^^ can be used for 
individual). As mentioned above, actual " a^^^^" , generated 

iaentification as an accurate alternative to patterns fo™^ by res 

,3 figments. Sequences targeted to --^^^^^Xru^in the Icoding 
appropriate for thisuse as g«—^^^^^^^^^^ 

regions, making i. easier to 3 „ portions thereof, e.g., 

polynucleotide reagents include the bcap73 ^ 
Lgments derived from the noncoding regions of SEQ ID NO. 

20 20 bases, preferably at least 30 bases. 

The bcap73 can be used in. for example. 

. -rp=:ra^::^^^^^^^^^ 

organ type. hran73 orimers or probes can be used to 

a similar fashion, these reagen s e^^^ ^ ^^^^ „ 

screen tissue culture for contamination {i.e. screen P 
types of cells in a culture). 
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C. PredictiveMed^ nredictive medicine in which 

"-"^"':ri:::;"-"^^^ 

diagnostic assays, prognostic assays, an ^wiarticallv Accordingly, one 

>--:.'t:;:rreTa:^^^^^^^ 

35 aspect of the present invention relates to g of a biological 

and/or nucleic acid expression as well ^ ^f]^^^^^ „ i„dividual is 

.amp,e(c.g..blood.serum celK^ssue .o.«eby^^^^^ 

afflicted with a disease or disorder, or is at risK oi 
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p„^os«e (o, pr« a^ays " *™ ..p,essio„ or aCWUy. 

developing a disorder -^°^^^^'^^^ZZ Zy^ in a bio.osica. sample. Sueh 
For example, mu.a,,o„s m a bcap7 g^n p,„phylac.ically ttea, an 

; ^says can be used for prognoslK or J bcap73 

individual prior .o *e onset of a disorder ^^'^-^^"^^^ embodiment, sueh a disorder 
protein, nucleic acid expression or activ.ty. n p .^^iovascular system, 

includes cardiovascular diseases, disorders, o states 

e.g., the heart, the blood vessels, and/or the blood ^^^^^^^^ _ 

AnoUter aspect of the inventton pertams to mon«onng 

J ^ fl.<> pynression or activity of bcap / J m ciuu^ 
Tr—tr^e described in «her deta,^ 

, ■ 5^^fS22!!<Li^ „^ ^,,,„ee of bcap73 protein or 

., An exemplary method for detectmg in p ..,„„i.^ maniple from a test 

nucleic acid in a btological sample 7'-— 1^ ..L capable of 
subject and contacting the biologtca, -P'^ --^-"^^ j,^^, encodes 

detecting bcap73 protein or nucletc /^^f .-^^^-.^ ,eid is detected in the 

^ap73 protein such that the presence of^^^^^^^^^ „ genomic DNA is a 

biological sample. A Pf Z,n mRNA or genomic DNA. The 
labeled nucleic acid probe capable of "ybnd- J ^^^^ ,„ g^Q ID NO: 1 

nucleic acid probe can be, for example, fte "-^P" nu ^^^^^ ^ 

„. 3, or the DNA insert of the plasmtd ^^^^J^^^^^^^ 50, 100, 250 or 500 

or a portion thereof, such as an ""^--'^f "^^^X'^ , stringent conditions to 
nucleotides.lengthandsuffict^ec^^^ 

bcap73 mRNA or genomic DNA. Other suua f 

the invention are described herein. „,.i„ i, an antibody capable of binding to 

A preferred agent for detecting '^^P" ' ;",7^,L>dies can be 

^ap73 protein, preferably an antibody wit ^^^^'^^^^ , ,„,„ent thereof (e.g., 

,„ polyclonal, or more P— • ^ Tgard to'the probe or anUbcdy, is 
Fab or F(ab)2) can be used. The erm a^led ^ J ^.^^ 
intended to encompass direct labeling of *e probe o^^^t ^^^^^^ ^^^^ 

,iri.ing) a detectable substance to the probe or antibody^^ ^ 
prohe or antibody by reactivity with another reagent t« '^^^ 
3. Lirect labehng include — ^^^^^jl rH tin such that it can be detected 
secondary antibody »<'»«^'-'-"^.°';^;,^^'t„io,ie^ s^tple" is intendedto include 
«i.h fluorescenUy labeled stn:ptavidm. T^e term bio g ^^^^^ ^^.^^ 

tissues, cells and biological fluids isolated from a subject, as w 
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u- t Th.i the detection method of the invention can be used to detect 
present wUhtn a subject. That is, the dete^: U _^ ^^^^ ^.^ ^ .^^ 

hybridizations and /« situ hybridizations. In vitro tecnn q 

of bcap73 protem include imroducng into a subjec, a labeled a„„-bcap73 

.,ec.. M— , .be blolosical sa.p. can con.al„ — ^ , , 

subject or genomic DNA molecules from the test subject. A preferred b.olog 

ir^"— — ^^^^^^^ 

comparing v 70 ^^ntHn mRN A or genomic DNA in the test sample. 

20 with the presence ofbcap73 protein, mKiNA or gci ^ k.,„7-i in a 

4.„.en..onalsoenc„...~ 

rr^Tc:."^^^ 

t Of hcan73 in the sample; and means for comparing the amount of bcap73 m the 
. :::rr::rd. — ndora.entcan..^^^^^^^^^ 

The kit can further comprise instructions for using the kit to detect bcap p 
acid. 
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The dia^ii^^i^Si^escribed herein can furthermore be "^-^ 'o *"™'* 
subjeets^aviu^oratrtslcofdevelopinsadiseaseor disorder .sociatedw^h^^^^^^^^^ 

unwanted bcap73 expression or activity. As used heretn the 
w=a„73 expression or activity which deviates from the wtld type bcap73 expression 
rc^rrerrantexpressionor activity in^udeslnc^^^^^^^^^ 

etthrinsufficien. or overabundant for therapeutic effect. For example, aberrant lKap73 
: " or activity is intended to include the cases in which a mu.at,on m the bcap73 
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bcap73 substrate, e... a „on-actin mCecule or a „,^„, ,„eh 

_j:::u...e.ae..as„...^^^^ 

associated with a misregulatton .n bcap73 ptotet,^ act,v,ty or 

as a proliferative disorder, a differentiative «-^=-j;;f:tn:; 7 ubject Havin, or 

disorder. Alternatively, tlte prognosfe assays can be uttltz d to Jy 

at risR for developing a disorder associated ^^^f ^^^teT,^^^^^ i„.ention 

or nucielc acid expression, sueb as ! Aberrant or unwanted 

provides a method for ^^^^^^^^^ from a subject ^d bcap73 

bcap73 expression or activity m which a test samp 

protein or nuCeic acid mRNA or ^"-^ ~ , „faeveloping a 

bcap73 protein or nucleic acd ,s diagnosnc for a '"^'^'"^J ^s 

' nTe:int::.r:;rrt=— rb:^^^^^ 

used herein, a tesi sampic , ^ . . , o^r^im^ r ell samnle, or tissue. 

3 protein, peptide, nucleic acid, small molecule or 

disorder associated with aberrant or unwanted ^''"l'^^'^'"^ ^^^^J^ „i,h an 

such methods can be used to determine whedrer a subje t can be J* 
agentforaprolifera.ivedisord.a<^— 

present inventton provK^es — „ ^_,ed bcap73 expression 

a proliferative disorder. In preferred embodiments, flre methods include detecting. 
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3a„,ple of ceUs ftom fte subject. ,he presence or absence °f ^-''■;^'"'''7 ^ 
^cerized by leas, one of an alteration affecting .he integnty of a gene eneod mg 
pro.ein'or *e n,is-expression of .he bcap73 gene. For example such gen ttc 
^tSo^can be de«c.ed by ascer^ining *e exisience of a. leas, one >) a deletion of 
*" more nucleotides front a bcap73 gene; 2, an addition of one or more nuc^ttdes ,o a 
be p73 gene- 3) a subs,l.u.ion of one or mote nucleotides of abcap73 gene, 4) a 
bcap73 gene, J) alteration in the level of a messenger 

chromosomal rearrangement of a bcap73 gene, D) an ,nch as of the 

RNA transcript of a bcap73 gene, 6) aberrant modtficatton of a bcap73 gene, such as ot 
" n pattern of the genomic DNA, 7) the presence of a non-wild type sphcng pattern 
Tf a me senger RNA transcript of a bcap73 gene, 8) a non-wild type .eve of a bcap73- 
plteTn" aUelic loss of a hcap73 gene, and .0) inappropriate post-.r»s.at,onal 

in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos. 3,195 »d 4OTj. 
such as anchor PCR or RACE PCR, or. alternatively, in a ligafon chatn L^R) (see, 

. ng88^Sri<,nce241:1077-1080;andNakazawae(<i(.(1994);>roc. 

S~^^S-3::.hela..erofwhichcanbepariicu«^^^^^^^^^^ 
pi mu.a.ions in .he bcap73-gene (see Abravaya (1995, 
682) This meUtod can include Ac s.eps of coUeCing a sample of cells from a subjeC. 
. , ■ H » oenomic mRNA or bo.h) from .he cells of .he sample. 

^rrg^a^asir^^^^ 

Tht^" g ne under condidons such *a. hybridiza.ion and ampUftca.ion of dte bcap73- 
, geX esen.) occurs, and de.ec.ing ,he presence or absence of an ampMca.,on product, 
o de ctrg the size of the ampliftcation product and comparing the length to a control 
m^ U s anticipated that PCR and/or LCR may be desirable to use as a prehmu^ry 
e^lLln step in conjunction with any of the techniques used for detecttng mutattons 

„ "l— ampliftcation methods include: self sustained sec,uence replication 

' (Ouatem tc. (1990, ..oc. A.a, Sc. ~';™!'„„,, 

- . ,^\. -nv Pt al a 989) Proc. Natl. Acad. Sci. UbA 8b. 1 1 /:> ii"h 

z:r;r(u^ p.m".- ^^^^^^^^^ 

^dlphflcln method, followed by the detection of the ampUfed molecules ustng 
"tri well known to .hose of skill in the art. These detection schemes are especa ly 
the detection of nucleic acid molecules if such molecules are presem m very low 
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c i« « hcaD73 sene from a sample cell can be 
,„ an aUemaUvc embodimen,, -<^»" "^^^^^^^ ,,amp,e. sample and 

eon^ol DNA is isolated. ^^'^'^^ ^"^'"^'"'^^^^ gel electrophoresis and 
endonucleases. and fragment lengdt stzes are — ^„„^, pNA indicates 
compared. Differences in ftagmen. length -^^^ ^bozymes (see, for 

^taUonsinthesampJeDNA^Mor^^^^^^^^ 
example U.S. Patent No. 5,498,531) can oc 

„u.a.io,.by development or loss "f.^.^ identifledby hybridizing 

,„„.,crembodiments,g»e..cm— tn^^^^^ 

a sample and contml nucleic acds, e g.. ^^^„ 
Hundreds orthousandsofoligonncleondes^pro^^^^^^^ 

M..a.ion r. 244-255; Kozal, arrays containing light- 

gcnetic mutations in bcap73 can be .den«M ^ ^ ^ 

generated DNA ^ — ^ though long stretches of A ,n a s^ple 

i hybridization anay of probes canoe e.m.ences bv making linear arrays of 

a:dcontroUoidentitVbase^n.sb— 

sequential overlappmg P"''; ' "J^,, allowsthe ch„ac,erization of speafc 
step is followed by a second ^^^ ^^^'^ ' complementary to all variants or 
stations by using smaller, spec,al,z«i VO^^Z^ of parallel probe sets, one 
« mutations detected. Each mutation ^Tr c„Ip Lmenta^ to the tnutant gene, 

complementary to the wild-type gene ^ ,,,,,„„s known in the art 

,„,et another embodime„J^^.nyofav^^^^^^^^^ 

can be used to directly sequence the bcap7 J g ^ 
sequence of the sample bcap73 with ^^^Z^ZttZl,^ developed by Maxam 
.3 Examples of sequencing reacttons tnclud *o^e b^^ ^^^^ 

and Gilbert ((1977) Proc. Na,l. Acad. * ™ ' „j 3„,„„ated sequencing 

Griffm e, (1993) Appl. B>oc,en,. "° /^^^^ delude methods in which 

Other methods for detecting — ^ in R>.A/KNA or 

protection from cleavage agents ts used t ^ 
KNA/DNAhe.erodup,e.es(Myers..^ 9^^^^^^^ 

— eof^—c « 

hybridizmg (labeled) RNA or uiNA _ ^ ^^j^pie. The double-stranded 

potentially mutant RNA or DNA "^^^^^^'^^Z^ „gions otthe duplex such 
duplexes are treated with an agent which cleaves smg 
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„ BNA/DNA duplexes can ^ u.a^ ^^^^^ ,„,„,,„e„.s. 

„i,h SI nuclease to enzymatically d,gestmg hydroxylamine or osm,um 

tettoxide and wth p,per,dine m order to a g denaturing 
ntismatched regions, the resulting matena, ,s * " -P"^^^ " „, 
polyacryla^idegelstodetct^ne^es^^^ 

(1988) Proc. Natl Acad Sc, USA Si.'.jy , ^^^^^^^^ ^^,^^,i„„. 

«5. m a preferred enrbodiment, entploys one or more 

,n still another embodtment, the "'^"^''/^TJ (so called "DNA 

pro.e.sthatrecogni. — ^^^^^^^ 

mismatch repair" enzymes) m defined systems ^^^^^ 

bcap73 cDNAs obtained from I'X'c yl-e f^om HeLa cells cleaves 

eleavesAa,G/Am,smatches-*et y^^^^^^^^^^^ 

T at 0/T mismatches (Hsu « al. (1994) C"r<^""'« bcap73 
.emp,aryembodimen,aprobeba.d^^^^^^^^^^^^ 

sequence, is hybrid.zed to a cDNA or other U P ^ 

,.a.ed with a DNA mismatch repatr ^^ZTsZo-l^V^^^ "-S- 
detected from electrophoresis protocols or the hke. 

0 5,459,039. . ,,^,„.horetic mobility will be used to identify 

,„ other embodiments, alterauorts ' "7;^^^^^^ polymorphism (SSCP) 
mutations in bcap73 genes. For example, smgle trand c 
^aybeusedtodetectd— — 

nucleic acids (onta al. ^'^f j'-'^ '^^ ' ^„„, ^ec/,. ,4^ 9:73-79). Smgle- 

Mu,ar Res. 285:125-144; and ,eids wtll be denatured and 

,n«ded DNA fragments of sample and ''^""'^^l „„,„i, acids varies 

allowed to renature. The s^ondary " "^^^^^tl enables the 

aecordhtg to sequence, the resultmg — ^'^^^.^ ^ labeled or detected 
detection of even a single enhanced by using RNA (rather 

30 with labeled probes. The sensmvtty of the "^^^ ^ ^ ^^„g, sequence. In a 

AanDNA), in which the secondary ~ ^ ""^^le, a^lysis to separate double 
preferred embodiment, dte ^^^^'^^^^'^'^Zs in electropboretic mobility (Keen 
stranded heteroduplex molecules on the basis ol 

el al. (1991) Trends Genet 7:5). wild-type fragments in 

,3 inyetanotherembodimentthe — 

polyacrylamide gels conta-nrng a ^'^^'^ f ''"'2,re 313:495). When DOGE is used as 
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PCR. in a ^he, '•--^ ^ ^^^a ^P-e DNA (Ro— - 

gradient to identify differences m the mob.hty 

Reissner (1987) Blophys Chem 265:127 > ^^^^ „^ „„, 

Examples of other techniques tor detec mg p ^ .elective 

Wted ,0, selective oHgonucleotide ^^^^^^^^J^ ^ , p„p,red in which the 
primer extension. For example. "^^"'■'^^''^l^^Z^^ DNA under conditions 
Un mutation ,s placed — (s* . (1986) ...re 

which permit hybridization only If a pe lect Such allele specific 

324:163); SaiK...^(«S9)P™. Na..^^^^^^^ 

-"-il::^— ^^^^^^^^ 

, PCR amplification ntay be used in -i— - J^'^'^^-.^^ „f ,„,erest in the center of 
used as primers for specific ^JJ^tti^ „„i,«ion) (Gibbs a,. (1989) 

,he molecule (so dta. amplification depends on dtfferen , ^^^^ 
,^U>c .c* .7:2437-2448) or at ^^^'^^^J^^.^^^, extension (Prossner 
appropriate conditions, mismatch can prevent o redu P J ^ ^^^^ ^^^^^ .„ 

.„ («,3) r*.c. 1 1:238). In "-^J^^^^rection (Oasparini (1992) MM. 
,he region of the mutafion to ^^^e^,; embodiments amplification may also be 

Cell Probe. 6:1). It is anficipated « ""^^ ^ Mad Sd USA 

performed using Taq Hgase for a">P^'~« , erfec. match at the 3' end of the 
:S:189).lnsuchcases,hga^nw^o-^^^^^^^ 
25 5- sequence making It possible to detect me p 

looking for the presence or absence of ^^'^'^ ^ ^^^^^le. by utilizing pre- 

The methods described herem may be P^*^ .eic acid or antibody reagent 

packaged diagnostic kits comprising at ^f " ^ica, settings to diagnose 

.escribed herein, which may be — ^^^^^ „ ,,„ess involving a hcap73 
30 patients exhibiting symptoms or family history 

e™^- „, .„r tissue in which bcap73 is expressed may be utilized in 

Furthermore, any cell type or tissue m wn 

the prognostic assays described herein. 

3. Msm-ffi«»'^^*e expression or activi^ 
Monitoring the ^'^'-^^ ^l^;^^^^:^,^ a„d/or migration) can he applied 

l,cap73 protein (..g., die ""''"'^7; " ' '^„i^^ „ials. For example, the effectiveness of 

not only in basic drug screening, but also m chnical 
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expression, protein levels, or upreguU^ f ~„_ p„,i„ .^.els. or do«n-regula.ed 
of subjects exhibiting "^^'^'^'^'^l^^^l,,, ,,e„t detemrlned by a screening 
bcap73 activity. Altematrvely. the "ne ^ J d„w„.regu,a.e bcap73 activity. 
5 assay to decrease bcap73 ^^^^^^^^ hcap73 gene expression, 
can be monitored in "^^n such Clnica, trials, the expression or 

protein levels, or up-regulatcd ^-P"^'''^ / ,^,„ i^p^tcd in, for 

'""%r::iral"n"bywayof,i»rtaUon,gcnes,lnclu.^^ 

:r:rr9 u^;— ^^^^ 

expression ofbcap73 and other genes p _„„„„sslon pattern) can be 

.spcctively. The levels of gene expr=s.on (e^.-. ^^^^^ 

quantified by northern blot analysts or ™ ..^.^bed herein, or by 

:r=gry,is--=^^^^^^ 

theeff::i:e:essoftreat„entofasub3ectwl.hanage„.(.^^^^^^^^^^^^ 

peptido^lmctic. p».eln. ^ptlde. nucleic ac, . ^'-'l^^^'Z^^tm obtaining a 

r:::::::rpir::^^^^ 

pre-administration sample from a subject prior 
30 L level of expression of abcap73 protein, mRKA, or B-J" 

pi^dntinistration sanrple; (ill) obtaining one or ^"^A, or 

subject; (iv) detecting «,= level of expression or '''^^^^^^^X Z^"^^^^^ 
genomic DNA in the post-adn,inist«.lo„ samples; « — ^^;:,„j,^, J„ ,^„e 
activity of the bcap73 ptotein, mRN A. or ^J^^XiLtration sample or 

,5 with the bcap73 protein. mRNA or J'^ ^^Z. subject accordingly. For 

i^o- onri rvi^ alterine the administration ot the ageni xo mc ^ j 
samples; ancHvij aiienng uic a tn increase the expression 

example, increased administration of the agent may be '^^^^'^^^^^^J^ „f 
or activity of bcap73 to higher levels than detected, ..... to increase 
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. • ^fthPaoent may be desirable to decrease 

5 observable phenotypic response. 

The present invention provdes for both p ^hy ^ ^^^^^^ ^.^^ 

treating a subject at risi. of (or »-=P'* ^ ^J, .i^order, a cytoskeieta, 

,0 aberrant or unwanted bcap73 expression or a^'mty. ,„b«,toent, such a 

disorder.amotiiity disorder. oratissue<epatrd.so de. na e^^^^^^^^^ 

disorder includes cardiovascular diseases, dtsorder . or t^^^^^ 
system, the hea«, the blood vessels -d/or ^ • P 
embodiment, such a disorder includes dtseases, " ,i,eases, 
mmor induced). In another P^'-;;— ; u n burns, or surgic. wounds), 
disorders, or states related to wound (e.g. ^P'"'™" of treatment, such treatments 

With regards to both prophylactic and thentpeuttc ^J^.^^^ '^^^ f,,,, 

may be specifcally tatlored or .he application of 

phamtacogenomics. -Pharmacogenomics -""^l , and gene expression 

genomics technologies such as gene se^uenctng. ^'^^^^^^^'^J,^,^, term 
analysis to drugs in clinical development and on the m^ket. P ^ 

„fersthes.udyofhowa«^^^^^^^ 
patient's "drug response pheno^pe ,^ 
Ure P'"" of the present invention or pCAP73 

-ldividua,.sd.g....^ 

experience toxic drug-related side effects. 
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,„„Jpect,t^^ame.hodforp«v.^^^^^^^^^ 

.ondition associated wUh an ^ ^Xoltes pCAP73 expression or 

admmistering to the subject a pCAP73 or an ag contributed to 

leas, one pCAP73 activity. Subjects at nsU ^"^'^^^"l^^^^^, f„ ..ample, 
hy aberrant or unwanted pCAP73 Administ^tion 

x:^n:nrrc::;:=^^^^ 
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the .CAP73 aberrance, such that a disease or disorder is prevented or, a— ^^^^^^^^^^^ 
the pCAf/:) aociicu „f a rAP?! aberrance, for example, a pCAf/i, 

in i,s progression. Depending on .he type of AP73 abm , 
BrAP73 agonist or BCAP73 antagonist agent can be used for treanng tne j 
^p;:; ■ra;n. I ^ ae.er.i„ed based on screening assays descrrbed Heretn. 



expression or activity for therapeut.c purposes. Accordtngly 
J„odu,atory nrethod of tbe — — — 

^ modulates one or .ore ^^^^^^^ Zl an agent as described herein, 
cell. An agent that modulates pCAP73 protetn activity 

;:;::ri:e:icT:ap73agonit.^ 

entbodinrem, the agent acid molecule encoding 

stimulatory agents tnclude PC^P' prote n ^^^^^^^^^ 
|iCAP73 that has been mtroduced into the cell. In 

i>r-APTl nctiviues Examples ofsuch inhibitory agents inciu 
one or more PCAP" activu^- " ^.j^.^.^, „i pc AP73 inhibitors. These 
bcap73 nucleic acid molecules, anti pcA ^.^ 
modulatory methods can be performed ,„ v„™ (e.g.. — 
alternatively, i„ v,v„ (..g.. by administerm, 4e ^^-"1 ^^.^^J^, 
invention provides methods of treating an individual ^^^^'^^l^^^ .„ „ „,,,,ie 
.barac.eri.dhy aberrant or u„—^^ 

acid molecule. In one embodimen,. ^^„,i„,,„„ „f agents that 

agem identified by a screemng assay described hemn), 
modula.es (..g.. upregula.es or downregulates) PCAP73 exp«s 

— ----t— rrrri^x^^^^^ 

as therapy to compensate for reduced, aoerr , abnormally 

. w f Rr AP7^ activity is desirable in situations in which pcAr / j 
Stimulation of pCAP73 activity is ^^^^ ^ ^^^^^^^^^^j 

0 down-regulated and/or in which increased ^^f'^ ^^^ in situations in which pCAP73 
• i.*u +;^^ /^f AP71 activity is desirable m suuduun:* 
effect. Likewise, inhibmon of pCAP acu y ^^^^^ ^ 

is abnormally up-regulated and/or in which decreased pCAP73 activity 
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individmls .o «a, (prophylactic* or *e,apcu.ically) pCAP73-associa.ed disorders (..g., 
■;:;ltrdisord:s)Lsecia,ed«i.Ha.erra..or — 

rr:i:::~/==^^^^^^ 

dru,) may .e considered. Differences in l^-'Y^Z:^^!':::::^^ n^— 
toxicity or dtera^utic failure by aUenn. .he ^ ~ „^ ,„„i„, 
of the pharmacologically active drug. Thus, a ^^y^^^^^Tic^^iJr., whether to 
— Obtained in — — ^ L dosage and^or 

administer a bcap73 molecule o PCAP" m^du ^^^^^^^^^ 

3rr:r::rcix;ir.c^ 

.^rrugsletoaltereddrug.^^^^^^ 

see, for example, Eichelbautn. . <.^ 0 .„„ 

It factor* „„g the way d™gs act on the body (altered '^^^-^^^^^ 
conditions transmitted as single factors altermg the way * ^ - » ^ „^ 
metabolism,. Thcsephannacogeneticco^^^^^^^ 

turally.—^^^^^^ 

.ow„Xnome:ideassociation^reliespr,mar«yona^^^^^^^^^ 

human genome consisting of already known i^^-f^'^'^^'^'^J^^' ^uman 
marker map which consists of 60,000-100,000 polymorphic or variable sites on 

L of which has two variants.) Such a high-resolution genettc map can be 
' d ™Tf thTg Lome of each of a statistically significant number of patterns 
n a ~g trial to identify markers associated with a parUcular 

rrd:;r:^nseorsideeffect..ltern.ivc,y.^^^ 
generated fromacombinationofsome^tcnmho^sn^^^^^^^^ 

(SNPs) in the human genome. As tts^ h^«n^ , sNP may occur once per 

in a single nucleotide base m a stretch of DNA. For «amp • ^^^^ 
everylOOObasesofDNA.ASNPmayl.— 

^Cf SNPS in their individual genome. In such a mamter, treatment regtmens can be 
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cytochrome P450 <_ „^ ^1,„„ ,,,,gerated drug response 

some patients do not obtain the expecteooruB „f„rt„,„ These polymorphisms 

and serious toxicity after taking the ^-^'^^^f^^Z^ZtZ^ Z^U, 1 poor 
^expressedmtwo«^^ 

— :eZtc:::;:c;;.o.^ 

. A * f PM which all lead to the absence of functional CYFZUb. roor 
"^'"'"T Jc^^ZcY^Cl^ cuite frequently experience exaggerated d„g 

, """" Aultively a method termed the "gene expression profiling", can be utiU^d to 
5 Alternatively, d 11 .^..^„1p the eene expression of an animal 

identify genes that predict^^ ^^^^^^^^^^ 

^^^^^^^ 

3 5 assays described herein. 



Attorney^ketNo.:TUI-001CP 




-70- 

• .her illustrated by the following examples which should not be 

This invention .s furthe J published patent 

construed as Hmiting. The contents -^ -'' f^'^l^^^^^ ^, the Sequence 

applications cited throughout this apphcat.on, as well 
Listing, are incorporated herein by reference. 

EXAMPLES 

f nlnericvtesorbovine^^M^^^ 
Pjmficationofb^^ can 

'^-X^So;:^^^^ ""'^'^TZ J^l^on m lysate is first 

be enriched for pCAP 73 protein by using .on— ^ P ^.^^ 
applied to SP-sepharose under ionrc -n^^ — ^ ^cAP 73 protein can be 

After washing contaminating protems away a fract. ion-exchange 
3 eluted between 1 85 and 230 mM NaCl ^^^^^ ^,,er. After loading 
chromatography with DEAE-sepharose .s able o pun^ P ^^^^ 

and washing stepsanalogoustot^^^^^^^^^^^ 
eluted between 70 and 80mM NaCl. A pCAP P 
greater than 90% pure (see Figure 2, lane C). 
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a.i^iazi^i^^^'^f^^ of abovine gene encoding a 

The invennon .s based, a, east m p ^^^^^^ ^^^^ 

novel protein, referred to herem as pCAP ■ i„j^ ,„<i purified as 

endotheiia, cells (ECs) that were eraw hnS ,n resp«n»= ^^^^ 
previously described (Hoock et al. WD . ^ "^^^ J construction usmg the X ZAPII library 
CPromega) served as template for express™ '^^ °" .4 Kb (./- 

H. front Stratagene. following — ^ J,o„ of the library and 

0.5), with a range of 600 bp to 2.5 kb, as --^^ J „t individual clones in the library 
analysis of 1 0 randomly chosen colomes. The number 

was greater than IX 10'. m' nianueswereplatedon ISOnunNZY 

TO identify the pCAP73 cDNA . ^^ocel Jose filters were washed with 
plates a. adensity ot2.3 x 10^ P^;^*^^^^^^^^ „.,./„MaCl, 0.05% Tween-20) 

25 mL per filter of TBS-Tween C™ST- 20 mM P ^^^^^ 3^,,. 

prior to blocking with 5% m,lk m TBST. Wash^ 

;CAP73 nWVb as follows. Concen„ated bybr^a»a P^^_^_^^ ^^^^ 

.g/ruL «i-PCAP73 IgM was P— L diluted 1 :3 with TEST and 5% 
, h at RT, rocking. The blocked antt-pCAP73 g ^^^^^ ^^.^^ .^^^ 

milk TBST to reach a final concentratron of 10 irg/mL anft. 
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■ „ 4°C rocking. After extensive washing, the filters were 
„ere incubated overnight at 4 C, rockmg ^7 
■ u „j with HRP-labeled secondary antibody tor in at 
incubated with HRF lat«i ^^^^^^ .^^^ 

positive plaques were '^'f^'' ^^^^ ^^ ^^^itive plaque remained that was 
rescreened. After the second round °f ^ t^^, pcAP73 

plaque pure after re-plating and -P'*"^ " ExAssist helper . 

eDNA-co„u.ining plasmid was excised o t ™ ^ ^ ^ ^ „^,„ 

bacteriophageCStratager^an^^^^^^ 

rA"rE"p.--ofcOKAe 

^3.KACBreage„tswereobtained.oniOibcoBK.^^^^^^^^ 
asdescribedbythenianufac.rerwHho„e^ttc*fi^^^^^^^^ 

I GTA^CTOTAAACCATTGACT (SEQ ID NO:8), PCR 
. ATATTCTCTOTTCTTQCTOA (SEQ ID NO:9); RACE-4, rev: 
5.CTAGCTTGCCTGGATTOACTC (^^Q ^ NO^IO^^^^^^^^ 

S-TTTAOCAAOGATrOAGGACAC (SEQ ID NOJ^l). ^'Zl,J-,nU> pOEM-TEasy 
unified and concentrated using Qiaquiclc coluntns ^'^^^^l^^^l^^^J^^ 
Lots CProniega). New sequenc.ln»^^^^^ 

ra—nr;—:^^^^^^^ 

800 bp of new cDNA. ^ in len^. 

The sequence of the entire cioi i ithroueh 4-8. An open reading 

TMs sequence is SEQ IN NO. and a deduced a^ino 

,a.e (ORF) was idenU.ed ^^-^^^^^^^^^^^^ ORF a^ino acid 
acid sequence of 1401 residues. The full cDNA 
sequence is shown in Figures 4-1 through 4-8. 

35 AnalysisofMbovir^^^ 5,-^^ 215:403) of the nucleotide 

A BLAST search (Altschul et al. (1990) J. Mol BioL J 

• arAP 7^ has revealed that separate internal regions 01 m p 
sequence of bovine pCAP 73 has reveaie y .eauence for C3VS (GenBank 

cDNA are significantly similar to C. famiUans mRNA sequence 
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Northern bio. hybridizations wth the "^"'^ f lZ 0 2XSSC at 65'C. The 
standard conditions and cashed ^^'^^l^f^t ,it (Stratagene. La 

,„ DNA probe is radioactively J^;' , piuers containing human mRNA 

JoHa, CA) according to the tnstrucnons f the -^P ^^^^ 
(MuWTissue Northern I and ""'"^-7 cashed at high stringency 

probed in ExpressHyb hybridizatton » ,,,,„s of such an 

r":r;~rdrr:— 

»"=tde.ect.CA.3nr^^^^^^^^^^^^ 

agarose-formaldehyde bed gel, °J ^he blot «as incubated in prc- 

eapillary transfer and UV crosslinlced to 'p^^^^,,, sDS. lOo/. dextran 

20 hybridization solution (50% fonnamtde, ^S"^;^ ^, ,.,3, 3 ^ at 4rC. 

sulfate. 100 .g/mL polyA and 100 .g/mL ^^^^t^™,^,^ j„^.„i„^ .^e library clone (nt 
NiC-transiated, l"rl-.abeled Prol-e "as "^^^^^^^^ I^Nase 1 and DNA polymerase 1 
2303^719 of the flCAP73 cDNA; [a- ^^^^^J .,e prc-hybridization 

from Gibco-BRL). The probe was ^ cashed first in IXSSC 

„ solution and incubated »ith the blot for 16 h a ^ ^ ^perature 

(150 mM NaCl, 15 mM " \ 1% SDS for 15 min at RT. The blots were 

(RT). followed by a second wash «f f ' ^4 h prior ,0 development, 
exposed to autoradiographic film <'^°'** « . 4 f„„ b„i„, skeletal muscle. 

For in si,« analysis, various hssue sample a« ob ^^„.„i„„„eter-thick 
cardiovascu,artissue,orotherfissues»^^e^^^^^^ 

coronal sections of the nssues are PO^tf«=^J»< being rinsed twice m 

phosphate- buffered saline a, room — - ethanolamine-HCl (pH 8.0). 

Following incubanon m 0.25 /. ^^^1 plus 0.015M sodium c.tiate). 

„ sections are rinsed in ^^J^l^^^^JZll^l,.^. incubated in 100% chloroform 
Tissue is then ^ebV— f ^ , and 95% ethano, for 1 minute 

for 5 minutes, and then rinsea 
and allowed to air dry. 
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p.... Pro., are f-^^'^^^";^: spe™ DNA, O.OIV. yeas. tRKA, 

„M Tris (PH 7.5). . mM E^A. 00^/^ ^^^^^^ ,0% dextran 

0.05«/. yeas, tota, RNA type XU ™ ^^^^^^^ ,3„3,_ 0.1% sodmm 

sulfate, 100 mM dithiothre.tol, 0.1 /. soaram 

thiosultatefotl8hoursat55°C. ..^ « sSC Sections aie then sequentially 

After hybridization, slides are washed w,th 2X ^ ^ ^ ^^^^ 

incuhated at 37X in TNB (a solution c— »MJn^^^^ 

and 1 ntM EDTA), for 10 mtnutes. m TOE w .8 ^.^^ ,^„p,„„e, 
and finally in TOE for 10 mmutes. Shdes a *e ^^^^ ^ 

washed with .X SSC at SO'C for ^^''-■j tX^^^ -P'^'^ """"^ 

0.2X SSC at 60.C tor 1 hot.. ^^^'"^^^^^^^ ^nd exposed to Koda. Biontax 

„., M sodiu. aeetate "•^-^^^^'^^'J^.^^^.y dipped in NB-2 photoemulsion 

MR scientific imagmg film for ^l l-otus a ^^^^ 

and exposed at 4-0 for 7 days before ,^,,,„,„„ „f pcAP73, Northern 

To explore the relative abundance and « ^ ^ „f pcAP73 that is 

analysis was perfomtcd. A P™™^; AB046781). Hybridizatio^ of 

highly homologous to human KIAA150 ( „f a„ approximately 5 kb 

human tissues widt radiolabeled probe revealed exp«s ^^^^ ^^^^^ ^^^^^ 

.^script in all fissues tested. Stnpp.ng and re-probm ^^^^ 
allowed the normalization °f P^^^" — ^ levels of 6.3 (arbitrary units) and 

3,eletal muscle followed by heart, ,,,, „nged fiom 0.63 in kidney 

analyzed, evidenced by the low p-actin signal. 

^« nf RCAP 73 inBacterialCells 

,osT):rpZ:::-«-»------'--^^^ 

30 characterized. 

GSJCAFTldSSliai (GS-n ftision constructs were made m the pGEX- 

— ^ Bacterial glutathione-S-transferase (GST) fi^ on recombinant 
3X vector, which contains a Factor Xa stte '-^^ J pcAP73-C (see Figure 

,3 PCAP73 domains (Pharmacia). Inserts --^^^^^^^It generated restriction 

2A) were made by PGR using sequence spec.& I^mers th^ g ^^^^^ 

endonuclease sites for in-frame ligation jOEX-* J 

used as the targe, for the PGR reaCtons. The pnmer patrs 
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N0-.12), PCAP73-F reverse) >'^°°°f^^^^°°^^crTA■T0^A^C^0AA^OA0CA 
mm: PCAP73-C forward) ^'^''°^^:'^^^cC00CACAC0A0CCCCT0CCO 
(SEQ ID N0;14), pCAP73-C reverse) 5 CG^'^'' 3^„„ otthe library clone 

Sq )D N0:.5). The PCAP73-N .^"^^^^^ fragmen. was .hen 

L pBluescr-p. All construes were re.s«,ueneea .o 

/-i^cT RC APIS domains , 
;f;;;^„n was perforrned bas y ^ ^ ^ ^^.^ „f 

p„.„col. excep. « expression was ^^^^ ^f^, ^,o«C. 

'3,0c. After inducUon. *e cells were ^^^l ^ protocols 

The PC AP73 domains were punfied ^<=" J g,u,athione-Sepharose were 

, (Phamracia). Puri«e^°>^^-^^^"^'S:;:tMTr^:„7.M50ntMNaa.and 1 n,M 
Lhanged ,n.o PaCor Xa ^'^^ "2rn»ri» of 0.25 U/mL of nrairix for 2 h a. 
CaC« and .reared with Factor Xa at a f na co ^^^^ 
RT, rotating. PCAP73 ^ ^tas were recovered compared .0 the tota^ 

flowthrough . Almost ,0% of *e PC/^~ ^^..^.^p^.P and QST-pCAP73-N 
.0 GST-PCAP73 that was punfied. Typ^ V osT-PCAP73-C construct 

fusion proteins was 0.5 mg irom '<» o* ^^^^ 
typically yielded <0.5 pg protem from 100 mL 

EjamE!e3=Rec2!^^ 

" ««^C4M __,^„,,,„ ,,p,ession plasmid 

The full-length |iCAP7i tiis m together by PCR- 

Pirs, the 5-KACE figments and dte library f.gm n we e .S ^^^^^^^ 
mediated ligation. Forward primers f^„ent ^so contained a Kpnl 

30 PCAP73 clone. The forward P"- ^^^^^ RACE-1) 
3lte. underlined inthesec^uence^Then^^^^^^ 
S-GAACTOGCTCACAAOGTOGC^Eg 

5.QGTGACAATCTGGACATTCT^ (^Q ^^^^^ 
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„ The reverse P*-|-t ^^"^^^^^^^^ ftag^en^ were ,iga,eO by 
primers used ,o 8»-'-%'^~^;5,,o- moles each of fte gel purified library 
putting the following into a PCR reaction. ^ ^^^^^^ p^,^^^ 

,ag.e„tandaACE,.f«g.enao™^^^ 

for the library fragment, 0 2 mM a^TO ^^^^ ^ ^ ^^^.^^ „f 

(Promega). and IX Tl. polymerase '''-^ J 5 20 cycles of 

Laturation at 95=C. 1 min, annea ing and — - ^^^^^^^ ^ ^„ , 
denaturation at 95°C, 1 min, annealing at 55 C ^^^.^ 
K.CEfragments.and3wcre,iga.dusm^^^^^ 

PCR reverse primer m the same ™a..o J 

RACE 2/3 fragment was then hgated ° ^^^^^^^^ J, raCE-2 PCR reverse, 

the primers used in the reaction were the KA j , ,„ generate the 

P«ly the RACE2/3« -^^--^ '-^^t:,^^^^^^^^^ the library fragment reverse 
final 4.7 kb insert by using the "^'^^-4 forwar p ^^^^ ^.^ 

primer in DNA ,he pcDNAB vector. The construct was 

:~u:crrrLpCRU«cationhaagenerat.^ 

, qFPJCAPTldsmiSl i„ ,„^,„cts were made in the same 

Green fluorescent protem(OFP)-|)CAr except that different primers 

.^erastheOST-,CAP73 domain— ^ 

were used in order to generate the 5 c The following primer sets 

(underlined) for in-frame ligation into ^O^^-^I^^^o^oo^aAGAGAATATGAAAGA 
,3 were used: 0>'P-PCAP«-^)^™^:;^°^,O^CATTC (SEQ .DN0..22, GFP- 
(SEQ ID N0:21), ' "^T^cTTATGAAACAG (SEQ ID NO:23), reverse, 

Satc^a^ct^^^^^^^ (-'^ '° ^" ^""^"^'^ 

i::^eed to check for potential PCR-generated mutations. 
30 „ ,.„„,h nCAP73-His mdGFPJCAP73Jn 

-^ortransientoverexpression,pericytesCPCs)we.p^^^ 
(BecktonDickinso„,a.4— ^-g;— 

35 PCAP73-N, -.P^^o °gen Santa Clarita. CA). and the cells were 

well using Effectene transfeaion reag^^^^^^^^^^^ ^.^^^^ , ,,,, ,M- 

ineubated for 48 h at 37"C. The °^P-PCAP7 „ „^ 2,,,,). 

35 fluorescence microscope using a 40X, water imm 
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. vr A ft^r fixation and permeabilization. The cells 
BCAP73-His transfectants were identified alter i ^^^^ ^^^^^^ 

were fixed for 5 min at RT with AVo formaldehyde made in ^^^^^^^^^^ , 
.ithPBS,5minperwash. After fixationand — ^^ 

0,o/„ Triton X-100 buffer (50 -^"^^^^^^^ ^j;;:^ J, flwed by three PBS 
„.M EGTA, 1 mM MgCl,, 0.1% ^^^^-^/'^ ^f^^^^ ^^^^ bSA for 1 h at RT, the 
washes, 5 min per wash. After blocking ^^^"^^ ,,,,,,, (p^erce, RocUford, 

,eus were probed with a 1:500 ^^^^^^^^^^^ -ibody (Polysciences, Inc., 

followed by incubation with .^mL rabb t a ^^^^^^^^ ^^^^^ ^^^^^ ^^^^ 

Warrington, PA) and then 1 ng/mL ^1^^"^^''; ' ^ a 63X planapochromat 

visuaUzed on a Zeiss IM-35 fluorescence microscope equipp 
oil immersion objective lens (Zeiss). 

4- K ^r\l^ Protein in C OS cells 

To express .he pCAP 73 gene '"^^^^^l; ^^i^s an SV40 origin of repUeation. an 
Corporation (San Diego, CA) IS usea. 1 ..„_ rMV promoter followed by a 

ampicillin resistance gene. an £ coH -P^""? ^tlnl A DNA fragment encoding 
polymer region,and an SV40.t™nanP*^^^^^^^ 

the entire pCAP 73 protetn and an HA «8 .j^,, „gion of the vector, 

^ in-ftame to its 3' end of'^^^'^^^t^^r, unLthe control of the CMV 
thereby placing the expression of the recombma p 

promoter. .u, BCAP 73 DN A sequence is amplified by PCR using 

Toconstructtheplasmtd *epCAPB^^^^^^^^^^ ^^^^^^ 

primers. The 5' primer ^'''^^^ 27c^'°l^,,„^ sequence starting from tire 
approximately twenty nucleottdes of the P^AP " cod «^ ^ ,„ ,he other 

initiation codon; the 3' end sequence contatns comp^men^ ^ q ^^^^ 
.striCion site of interest, a translation stop cod™^^ ^^^^^^.^ ^.^en. and the 
nucleotides of the pCAP 73 codtng ^l-^^' en^mes and the vector is 
P~-r-:eS:^r:reW-dBio,abs,Bever,y,MA,. 
dephosphorylated using the ClAP enzym .^^ _^ ,„^„ed 

Preferably the two restriction sites chosen - , ^Us (strains 

-••==:;:r2;t.r;r::-:---.--— " 

tor the presence of the correct fragment. Tj.pcDNA/Amp plasmid 

COS cells are subsequently tmnsfected '^^^'^^^ ^.^^ „,atods, DEAE- 
DNA using the calcium phosphate or calcium ^^^^ ^^ ^^^^ „e*ods for 

dextran-mediated transfection, lipofecfon, or electroporatton. 
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^1 u T T^rit^^h F F and Maniatis, T. 
„ansfec,ing hos, ceHs can be found in SambK,oM Fm A E ^^^^^^^^ ^^^^ 

mecular aonin,: A Laboratory Manual 2nd ed^CM V . ^^^^^ 
SpHn,H.bo.Ubo..o. Press Co,^^^^^^^^^^^ 

PCAP 73 polypepuae is ''^-^^ i_recipi.a,ion (Hariow, E. and 

available from NEN. Boston, MA. can J'* ^ ^^^^ laboratory Press. Cold 
Lane. D. An^odies: A laboratory ^-^"^^^^^^^ Briefly, the cCis are 

spring Harbor, NY, 1988) usmg an HA spec fic mo 

labeled for 8 hours with 35S-meUt,on,ne (or "Sj^™^^ ^ ^^Cl. 1% NP-40, 

..UeetedandtKc cells a^lysedusingd^^^^^^^^^^^ 

0.1% SDS. 0.5% DOC, 50 mM Tns. pH 7.5 . Bo. polypeptides are then 

precipitated with an HA specific monoclonal anttbody. Precp.t 

ly, O.A containing the pcAP73 

.epo,ylin.erof.hepCOHA.Amp— 
; resulting plasmid is .ransfected ,„to COS ceUs ^.„,^,,ui„, ^nd 

expression of the ^^^'^ .tibody. 
immunoprecipitation usmg a pCAP/J spec 

■ f Rr AP73 Protein in CalEastatjnrOver^^ 

,0 Calpastatin-overexpressmgcellhnesw ; ^ ri„sed three times 

■ „, To™a.elysa.es,cellsftom^^^^^^^^ 

„i.h PBS at RT. scraped m 10 tnL of PBS aud ^^^^^ ^ 

^Ueted by ^-^^^'^l^^^l'Zl^Z, PBS plus protease inhibitors as previously 
cell pellet was resuspended in 0.5 mi. Oil ■ ,,:^„onice The lysates were 

. descLdCShusterct...«,..P.-.^^^^^^^^ 

^^^^ 

f^^^f^^^ htiury, cells craw, 

,„ When a connuent monolayer of ECs are msrup , 

into the denuded zones in order to repopulate the actin 
.anted to Observe Changes in the mRN A exp^ss.^^^^^^^^^^^^ 

assembly state would likely be expressed ' " ,o, and 90 min 

.ecells. -lyARNAisolatedfrompo^^^^^^^^^^ .Lhem blotting revealed 
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^e cells. PolyA RNA isolated rom P«P- °™ ^^„^. „ Hotdng revealed 
following injury were compared to confluent, ,„ 
„at PCAP73 mRNA was. indeed ^^-^^^^Z,^ ,,,,«He at 30 min ,«st- 

::!:d:icr:?: rc:="-"---»«^^^^ 
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^ fl .nt were 0 1 3 at 30 min, 0.25 at 60 min. 

The relative expression levels compared to — t were 0.1 
and 0.38 at 90 min, where confluent . 

— ^„.,y, a mode, system was ^^'^^^ oJ^^^'^^ -,pas,a,m. .he natu^lly 
CP„„e, e, al., 1998). 3T3 eeUs "- "^ °J*^,,,, J pa,e„. ceUs. produced 
occurring inhibitor of calpam. these calpain-inhibited cells 

fewer lamellae, and do not spread well m^«antty. ^^^^^^ 
accumulate e.in.acellularcalpa,nsnhsra.^^^^ 

czrin cleavage is a primary with the barbed ends of P-actm 

Herman, 1995). Because eznt>, hke ^^^^'^^ ^^^ ,y„^ics, we asked whether 

fil^ents where it may also play a rol " ' "/ ,ells. Immunoblotttng 

PCAP73 protein levels were ^^ori^^^^f'"^^^^;^ ^^se motili.y-defee.ive cells, 
howed ,hat, like ezrin. PCAP73 was -^^-"^J^^^l .^.ad and migrate rapidly 

, PCAP73 was barely detectable m to P«"^ ' ' „„ssing cells, 

!ver --^rr'otr™! -rs: . U^^^ ..e protein level 

PCAP73 levels were mduced 10-fold. Th,s p„.eins did no. change 

was not a par. of general prorein mereas , .» e m y V ^^.^^ ^^^^^ 
e.pressionordtd so minim* (^^^^^^^^ 

20 ezrin is signifieantly mduced, mcreasmg 
radixin and moesin; no change in tahn). 

E^ajaa^SiOsffiSEISM^^ i, was hypothesized 

Because changes in acm dynam.cs dtr«. y 
*a. overexpression of a regulator of ^..oaetin capp-ng specifcity 

spreading, motility, and morphology. ^ly affect cortical membrane 

„t PCAP73, i. was prediced that "^^^P'^^p^^.^ni^ assessed tor alterations m 

Bovine reUnal PCs "^"^^^^J^^^J , ,fter the start of 

cell morphology and locahzatron ''''"^^'^^^^^^J^,,^ cells, the pCAP73-His 
3„ transfeetion. >" -P^'^ '° ^•^rlr^rL. Using a probe against the 
overexpressing cells were generally rout^er a ^^^^^ ^^^^^ 

histidinetag,thePCAP73-Histe,onP«.tems«^ 

protrusions that appeared to be ap.cal — „ession of GFP- 

overexpression of pCAP73 ^omarns cha„8=^ ce'^* P „,erall size, but 

3S PCAP73-KandOPP-PCAP73^inPCsca,«^^-^^^^^ 

maintain arborized processes. OFP control ,„ contrast to the 

„mained flat and well spread, as ^^^^^ oFP-PCAP73-N and the GFP- 

condensed, membrane localizanon of the pCAP73 
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not localized to a precise area within the cells, but remair^ed 
PCAP73-C domains were not localizea lo a ^ 

diffuse. 

Puriti0!i2Soi:S£^^ ... , „ chicken muscle acetone powder, prepared 

as previously described ("^^ ^^'^^^L' J„de, prepared as previously described 
cell (RBC) P-ac.in was punfied from RBC a „„,ifi,a.ions. Briefly, acetone 

(Pusdcin et al., 1978; Shusler and Herman, 19. I 5 „l G buffer per g of acetone 

U-adefrombovineRBCswase«r««^^^^^^^^^ 

powder, the first extracfon for 5 h on.« ' „a„i„g volume 

rc. The extracts were then pooled and , , ^, „„„ ,e„perature (RT). 

brfore polymerization in 2 mM ^.^"^ ^ '"^'^^^^^^ „p « mM KCl and incubated 
Following polymerization, the actm » at 100,000.x g for 2 h at 

a. , h RT. The polymerized actm - „ J^atograpbed on Sepbadex 0-1 50 

4"C, de-polymerized by d.alysts m 0 buffer ^^^^ ^^i„,„, 

(Sigma). Fracuons were analyzed for purtty by SDS PAO 
Coomassie Blue. 
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«^^^f«,.basedont.me.^^^^^^^^^^ 
P,.„e-iod„acetamide(Mo,ecular^^^^^^^^ 

ratioofl:1.125(actm:pyrene)mthe folio g g. The reaction was 

isoacin, 2 mM MgCl. 45 ,M P^--'— 1,^^^^^^^^ at 100,000-x . for 2 h 
polymerized/labeled for 1 .5 h at RT m the dark^ A 

It iVc, pelleted pyrene-actin was 'y^^^.'^^^^^, ft„ze„ as alic,uots in liquid 
clarified at 100.000-x g tor 30 mtnutes (mtn) at 4 C b 
nitrogen and stored at -SO-C. 

BarbeienlmsnmBB ;„„sW described (Weber et al., 1987) with 

^Sr-a^^*™^^ as prev ousM-cn ^^^^^ ^ 
edifications. 1 (50% pyrene '^W^> ° ^^^^^ <,„,e through a 

0.1 ri^d sheared F-actin seeds The capping assays were 

50 Hamilton syringe just prior to addttto,^ \° ' «ed with 0.2 mM MgCl. 

petJormedasfollows. The 1 ^^'--^r rXe^O.isoactin seeds. various 
for 3 min a, 25"C to allow tor Ca /Mg exch^S ^^^^^ 
amounts of pC AP73, 2 mM MgCh, and 100 mM KC 
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, A- n ^ fluorimetrv cuvette. Fluorescence intensity was detected on 
mixed, and placed m a 0.5 cm fluonmetry cu ^^.^^.^^ ^ 

rqTBCAP73 constructs were generated for bacterial expression. 

Ttlcombinan. pCAP73 domains were tested for isoactin-specifc eapptng of 
K K . d n tot e assays To confine assembly to the barbed end, polymenzatton assays 
barW-end n ^ -"c as^ays^ p„„„erization at the barbed end was indeed 

Tb^r; ^CAP 3'r;M PCAP73-F fnhLited p-aCin assembly by 44-/. (Figure 5, 

lt:n:ff.M7cAP73iu,Mc- 

pCAPV3.Nhad minima, effect(5r.inhib.onMnc^^^^^^^^^^ 

altered p-actin H^»"'2rbothra,^d; a— ks were bloCcd indiscriminately. 

inhibition, it was shown that both a- ana p acun a 

^^'^e sKilled m the ar, will recognise, or be able to ascertain using no more than 



